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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to magnetic res-
onance imaging (MRI), in particular to an open architec-
ture patient support system with embedded and separa-
ble radiofrequency coils and their method of positioning
for the use in magnetic resonance imaging and spectros-
copy.

2. BACKGROUND OF THE ART

[0002] Magnetic resonance imaging (MRI) detects the
faint nuclear magnetic resonance (NMR) signals given
off by protons in the presence of a strong magnetic field
after excitation by a radio frequency signal. The NMR
signals are detected using antennae termed "coils". The
term "coil" is also commonly used to refer to the antenna
(e) and its housing or support structure. Thus "coil" may
refer to a structure that contains a number of coils. "Coil
element(s)" is used to refer to the electrical part of the
device, the radiofrequency coil or antennae.

[0003] NMR signals are extremely faint. Sensitivity of
a coil to these signals decreases rapidly with increasing
distance between the coil and the volume of interest.
Coils such as figure 8, or butterfly coils, solenoid coils,
volume coils, and surface coils are therefore placed in
close proximity to the region of interest of the imaged
object. The size of the local coils is kept small to allow
them to be easily fit to the patient on the MRI patient table
and to enable imaging of only the imaging volume of in-
terest, since imaging regions that are not required adds
noise to the acquired signal unnecessarily. Coils local to
the anatomy of interest tend to have a higher signal-to-
noise ratio (SNR) than larger coils such as a "body coil"
which is useful for obtaining large survey scans of the
patient.

[0004] The smallerthe size of the local coil, the smaller
its field of view, or sensitivity profile. Imaging of larger
areas using the smaller coils requires the use of multiple
small coils, either simultaneously in a combined manner
or by moving the coil between imaging acquisitions.
[0005] Coils can be operated individually, as multiple
coils in a phased array, circularly polarized or in quadra-
ture mode. Combining signals from multiple coils can
yield improvements in SNR. Part of the challenge asso-
ciated with using multiple coils forimaging is the fact that
the fields of individual coils may interact, resulting in coil-
to-coil coupling, where these interactions serve to reduce
the coil quality factor, or Q. In the prior art various patents
have been presented whose proposed objective is to re-
duce this coupling. One technique for reducing the coil-
to-coil coupling of a multi-coil array is to overlap adjacent
coils by approximately 10% of their area, such that their
additional field contributions cancel resulting in no cou-
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pling. In cases where there may be more than 2 coils,
the process of decoupling by overlapping can be com-
plicated, as coil coupling may occur between non-near-
est neighbors in which the field cancellations are com-
plicated significantly. In these cases, coupling can be
reduced through the addition of capacitors, inductors or
additional circuits between coils which experience some
amount of coupling. Low-impedance preamplifiers may
be added to the coil system which can reduce the effects
of coil coupling. In much of the prior art, combinations of
these various techniques have been described and em-
ployed successfully.

[0006] Furthermore, operating a coil as a receive-only
coil requires that the coil is blocked, or uncoupled from
the magnet body coil while the body coil or other coils
are acting in transmit, or excitation mode. Again, various
patents are presented in the prior art that seek to improve
upon this process.

[0007] Afurther consideration with coil systems is their
ability to operate in a parallel imaging mode. In these
modes of operation, imaging techniques such as
SMASH, SENSE, PILS or GRAPPA, require coils to be
imaging independent volumes. Based on the sensitivity
profiles of these coils operating independently, a recon-
struction algorithm can be implemented that enables re-
construction of a full image volume in a fraction of the
conventional image acquisition time. Coils should image
independent volumes for optimal parallel imaging, and
therefore decoupling strategies that employ overlapping
of coils are non optimal.

[0008] An additional consideration with coil technolo-
gies and generally with MRI systems is the push towards
higher and higher numbers of simultaneous imaging
channels. Coil systems are routinely implemented in 8-
channel systems utilizing eight separate antennas, but
some systems currently implement up to 96 channels,
with higher numbers of channels being planned. The ben-
efits of additional channels include higher acceleration
factors from parallel imaging implementations, and
smaller coils for higher signal to noise ratios. With this
constant drive to upgrade MRI systems, legacy coil sys-
tems become obsolete. There is currently no way of up-
grading the number of channels associated with a coil
without buying an entire coil apparatus which includes
the main structure, the coil circuitry and the connection
to the MRI.

[0009] Coils must be tuned to the Larmor frequency
associated with the magnet field strength in which it is
meant to operate, i.e. 1.5 T requires a coil tuned to 63.86
MHz, 3.0T requires 127.7 MHz. In most commercial coils,
the coil elements or antenna are inseparable from the
patient support structure, or are inseparable from the coil
housing. For each MRI having a different field strength,
therefore, a new coil system, consisting of the coil ele-
ments, coil housing, patient support (if any) and cabling
is required.

[0010] Although most MRI imaging is concerned with
signals from hydrogen atoms, other nuclei (e.g. C43, K,
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P, Na) are sometimes of interest for MR spectroscopy or
imaging.. Traditionally, the low signal to noise ratio as-
sociated with measurement of these nuclei have preclud-
ed their use for any practical clinical imaging. However,
with the advent of improved coil technologies and higher
field strengths, these techniques are becoming more
practical. However, coils tuned to the appropriate pre-
cessional (Laramor) frequencies of the nuclei are re-
quired as well as the associated circuitry to enable ac-
quisition of these signals on the limited bandwidth of
standard MRI systems. There are some systems that are
appropriate for double tuned imaging (i.e. hydrogen in
combination with another species), however there are
limitations associated with integrating these multiple coils
into one coil housing.

[0011] Furthermore, coil switching, multiplexing, or dy-
namic coil selection strategies enable activation and in-
activation of sets of coils from a larger coil array set. This
strategy can be used to optimize a subset of coils for
imaging of anatomies of a smaller volume, or to switch
between areas of interest during the image acquisition
or imaging procedure. For this strategy to be accommo-
dated, the set of coils, or subset of these coils must be
appropriately designed. There currently are no systems
which accommodate this type of imaging strategy with a
modular coil system design.

[0012] Another consideration for imaging, particularly
of the human breast, is the varying positions in which the
breast is imaged for MRI, US and mammography and in
which surgical interventions may be performed. As the
breast may often be imaged in the prone position for MRI
while surgery and ultrasound (US) imaging examinations
are performed almost exclusively in the supine position,
it is difficult to correlate anatomical features between
these positions. MR imaging of the breast in the supine
position is very difficult and has not been accomplished
with any degree of success.

[0013] As coil technology complexity and clinical de-
mands continue to increase, a new strategy for coil sys-
tems is needed. A system is required that permits sizing
coils appropriate to the anatomy, maximizes the number
of coils used, providing coils tuned for different field
strengths and nuclei, optimizes parallel imaging config-
urations, as well as providing an upgrade path for ac-
commodating greater numbers of imaging channels.

SUMMARY OF THE INVENTION

[0014] According to a first aspect, the invention pro-
vides an RF coil for MR breast imaging in accordance
with independent claim 1.

[0015] A further aspect of the invention is directed to
an apparatus for positioning a patient for MR imaging
and MR-guided intervention, the apparatus comprising:
a patient support structure configured to position an anat-
omy of interest of the patient during at least one of MR
imaging and MR intervention, the patient support struc-
ture including a contoured upper surface for supporting
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the patientin a position that allows access to the anatomy
of interest and comprising at least one aperture that al-
lows interventional access to the anatomy of interest; an
immobilization device coupled to the patient support
structure and configured to immobilize the anatomy of
interest; and an RF connector coupled to the patient sup-
port structure for receiving an RF coil adjacent the anat-
omy of interest. The immobilization device can include a
housing and an RF coil is received in the housing, and
wherein the immobilization device is connectable to the
RF connector on the patient support structure. The pa-
tient support structure can further comprise at least one
of a wireless and an optical communication device con-
nected to the RF connector for communicating RF signals
from RF coils in the RF connector to a corresponding
one of a wireless or optical receiver in the MRI scanner
that receives RF signals and communicates the RF sig-
nals to an RF data acquisition system. The patient sup-
port structure can further comprise an MRI connector
electrically connected to the RF connector and connect-
able to the MRI scanner for communicating RF signals
from the RF connector to the RF data acquisition system
in the MRI scanner. The MRI connector can be adapted
to connect to a moving station on the MRI scanner. The
apparatus can further comprise at least one removable
support structure, the removable support structure being
coupled to the patient support structure to support a por-
tion of the anatomy of the patient during imaging or in-
terventional applications. The removable support struc-
ture can comprise a housing, and an RF coil is provided
in the housing. The apparatus can further comprise a
removable interventional element selectively coupled to
the patient support structure. The apparatus can further
comprise a patient transport stretcher sized and dimen-
sioned to support the patient support structure. The pa-
tienttransport stretcher can include at least one elevated
portion and an interventional volume adjacent the ele-
vated portion, wherein the patient support structure is
supportable on the at least one elevated portion. The
patient transport stretcher can include an electrical con-
nector configured to mate to a connector on an MRI scan-
ner when the patient transport stretcher is docked to the
MRI scanner, the electrical connector being configured
to communicate RF signals from the RF connector on
the patient support structure to an RF acquisition system
in the MRI scanner when the patient support structure is
supported on the patient transport stretcher. The electri-
cal connector can be adapted to connect to a moving
station on the MRI scanner. The apparatus can further
comprise an RF coil configured to be received in the RF
connector and including an aperture for receiving an in-
terventional device, wherein the RF coil is configured for
imaging the anatomy of interest during an interventional
procedure. The apparatus can further comprise at least
one RF coil configured to be received in the RF connec-
tor, the coil comprising at least one of a loop coil, a but-
terfly coil, and a transmission line coil. The RF coil can
comprise a preamplifier for amplifying RF signals. The
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apparatus can comprise a plurality of RF coils adapted
to be connected to the RF connector, the plurality of RF
coils varying one from another in structure. The RF con-
nector can enable signal transfer of RF signals from an
RF coil coupled to the connector to an MRI scanner
through at least one of a direct electrical connection and
an optical connection. The apparatus can further com-
prise at least one RF coil configured to be received in the
RF connector, the RF coil comprising a plurality of RF
coil elements disposed in a substantially coplanar geom-
etry. The apparatus can further comprise at least one RF
coil configured to be received in the RF connector, the
RF coil including a plurality of RF coil elements and de-
tuning circuitry comprising detuning circuitry elements
that are activated automatically based on loading char-
acteristics of each of the plurality of RF coil elements.
The apparatus can further comprise at least one RF caoill
configured to be received in the RF connector, and
wherein the apparatus is configured to transmit signals
from the RF coil to a RF acquisition system in an MRI
scanner through at least one of the patient support struc-
ture, a patient support stretcher supporting the patient
support structure, and the RF coil. The apparatus can
further comprise at least one RF coil configured to be
received in the RF connector, the RF coil comprising: a
lateral array comprising a plurality of lateral coil elements
disposed in a substantially coplanar geometry; and a me-
dial array, substantially parallel to the lateral array and
moveably coupled to the lateral array, the medial array
comprising a plurality of medial coil elements provided
in a substantially coplanar geometry; wherein the mag-
neticfields created by the lateral and medial coil elements
are substantially orthogonal to each other in the anatomy
of interest. The coplanar RF coil elements can include a
loop coil element and a butterfly coil element. The patient
support structure can be configured to support a patient
in a prone position and can include at least one opening
sized and dimensioned to allow at least one breast to
hang pendant and the anatomy of interest is a breast.
The patient support structure can further comprise an
attachment member for attaching at least one compres-
sion plate, the attachment member being configured to
allow a user to adjust the position of the compression
plates to provide compression to the breast in at least
one of a medial-lateral direction and a cranial-caudal di-
rection. At least one side of the compression plate can
be curved to conform to the breast. The compression
plates can comprise a frame sized and dimensioned to
receive an RF coil, wherein the frame is selectively con-
nectable to the RF connector. The apparatus can further
comprise at least one removable support structure for
supporting a selected anatomy, the removable support
structure being coupled to the patient support structure.
The removable support structure can be positioned to
provide at least one of a sternum support, a contralateral
breast support, and a bilateral breast support. The re-
movable support structure can include an integrated RF
coil. The removable support structure can comprise a
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medial support structure including atleast a sternum sup-
port and at least one medial RF coil element. The medial
RF coil element can comprise a butterfly coil element
that is bent towards the sternum support in the region
proximal to the chest wall of the patient, and wherein one
lobe of the butterfly coil element is larger than the other.
[0016] A further aspect of the invention is directed to
an apparatus for MRI of a patient’s pelvis, the apparatus
comprising: a patient support structure configured to sup-
port a patient in a supine position; a first immobilization
device coupled to the patient support structure forimmo-
bilizing the patient’s pelvis for MRI; a second immobili-
zation device coupled to the patient support structure;
and anintroducer sheath configured to be introduced into
the patient’s body, the introducer sheath being coupled
to the second immobilization device to retain the intro-
ducer sheath in a fixed position relative to the patient
support structure, wherein MRI and interventional devic-
es can be selectively inserted into the introducer sheath
while the patient’s pelvis and the introducer sheath re-
main immobilized. The introducer sheath can be sized
and dimensioned to receive an RF coil. The introducer
sheath can be at least one of an intrarectal introducer
sheath and an intravaginal introducer sheath. The first
immobilization device can be an anterior plate, and the
anterior plate can be configured to receive at least one
RF coil element to image the patient while the patient’s
pelvis remains immobilized. The apparatus can further
comprise a posterior plate coupled to the patient support
structure, the posterior plate comprising at least one RF
coil element forimaging the anatomy of interest while the
patient’s pelvis remains immobilized.

[0017] Further aspects of the invention are set forth in
the dependent claims, the drawings and the following
description.

[0018] This invention relates to the field of medical im-
aging and particularly to MRI radio-frequency coil ar-
rangements and the corresponding supporting appara-
tus used to image human tissues. Fundamental to this
invention is the ability to separate the coil elements (an-
tennae) from the patient supporting system such that var-
ious Radiofrequency (RF) coil elements can be attached
and/or selected for imaging. This concept is applied to
traditional "tabletop" coils (i.e. coils which are placed on
top of a general purpose MR imaging tabletop) and to
dedicated stretchers having specialized tabletops that
integrate coil elements. Means are presented for opti-
mizing the use of said coils by enabling positioning, sup-
port, immobilization or compression of the anatomy of
interest. Additionally, various RF antenna and circuit con-
figurations appropriate to imaging in these imaging con-
figurations are presented.

[0019] The prior art is focused on 1) specific fixed coil
geometries for a dedicated purpose (head coil, cardiac
coil, breast coil), or 2) separable coil arrangements when
a set of generic coils can be arranged to image a general
anatomy, or 3) arrangements where all the coils required
to image the entire body are provided all in one system
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in which subsets can be deactivated, 4) or a set of coils
that can be assembled to image various anatomies. In
no case does the prior art focus on a singular anatomy
and related structures and therefore do not provide for
specialized applications required for that anatomy and
related structures. i.e. have sets of coils adapted to fit
differentimaging needs with that anatomy, i.e. many sets
of breast coils (some for high SNR, some for parallel
imaging, some for interventions, some sized to smaller
patients, some for spectroscopic applications), and the
distinction is not made between a various aspects that
make up a coil (the electronics, the coil housing-physical
support for the electronics).

[0020] A desirable element of the present technology
is the capability of providing a patient support structure
in combination with the coil. In the use of a stable, secure
and robust support, the coils may be removed and re-
placed (e.g., with coils having different field geometries
as well as for repair) without disturbing the patient.
[0021] The benefits of a coil system separable from its
housing or patient support structure include the ability to
1) configure a combined Field of View (FOV) optimized
for the patient anatomy, 2) make use of all available re-
ceive channels and concentrate them on imaging only
the desiredfield of view, 3) permit repositioning, replacing
or removing coil elements without moving the patient
such that openings are created for image-guided inter-
ventions, 4) use coil elements intended for higher or lower
field strength or different nuclei, 5) deliver separable
transmit and receive coil elements having different ge-
ometries, 6) provide for coil and compression arrange-
ments that are optimized for positioning tissues (such as
the breast) in various arrangements to facilitate and aid
in subsequent imaging or surgical procedures, 7) allow
different coil configurations to be made available to a
physician without the need for separate support struc-
tures for each configuration, or 8) upgrade coil elements
with new or enhanced functionality without the need to
replace the entire assembly.

[0022] A significant aspect of this invention is that a
separable and reconfigurable coil system enables coil
configurations that may be optimized for a particular im-
aging purpose such as (in the breast) bilateral imaging,
unilateral imaging, imaging of the chest wall for mastec-
tomy or partial mastectomy patients, interventional pro-
cedures, high-field imaging or multi-nuclear imaging.
Further to this invention are techniques for coupling the
coil signals to the MRI scanner for data acquisition. Fur-
ther still are specific coil geometries optimized for bilat-
eral imaging and unilateral imaging in both receive-only
and transceive imaging applications (transmit and re-
ceive). Additionally, these coil systems are designed to
be used in parallel imaging applications such as SENSE
and SMASH, in transmit, receive or transceive modes.
Additionally, the coil systems may be operated in a trans-
mit SENSE, or T-SENSE implementation where an array
of coils can be used in coordination with parallel imaging
applications.
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[0023] Coil elements can be arranged in unique ar-
rangements to reduce coil-to-coil coupling, to position a
large number of coils close to the imaging volume and
to maximally cover the volume of interest within the con-
text of a modular coil system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG 1 - A. Shows a patient lying prone on a tabletop
breast coil on top of a standard patient transport
stretcher. The stretcher is shown in front of a closed
bore MR Imaging system. B. Shows a patient lying
prone on a dedicated breast imaging tabletop on a
dedicated stretcher. The stretcher is shown in front
of a closed bore MRI system.

C. Shows a specialized stretcher with tabletop in the
undocked position relative to the MRI. D. Show the
tabletop attached to the magnet and with cables au-
tomatically connected. E. Shows the tabletop with
vertically disposed cable connection points. F.
Shows this vertical tabletop attached to the MRI. G.
Shows the stretcher containing cable connection
points, H. Shows the stretcher attached to the MRI
with the cable connections automatically connected
during docking.

FIG 2 - A. Shows a patient support structure for
breast imaging without secondary support struc-
tures, compression plates or coils. The cables shown
attach the various connection panels and ports on
the support structure to the MRI connector. B. Shows
the patient support structure with a sternum support
attached. C. Shows the patient support structure with
a contralateral breast support attached. D. Shows
the patient support structure with a bilateral breast
support attached.

FIG 3 - Shows the front section of patient support
structure with the patient in position with various
compression plates and secondary infrastructure at-
tachments. A. Shows an anterior plate and lateral
plate being attached to the main structure with the
patient in position. B. Shows the anterior plate and
lateral plate in position. C. Shows an anterior and
lateral plate introduced as a secondary structure piv-
oting from an attachment on the main apparatus. D.
Shows an anterior coil plate and a lateral coil plate
being introduced on the main support structure. E.
Shows the anterior and lateral coil plates in place.

FIG 4-A. Shows a single loop coil with the associated
circuitry. B. Shows an array of single loop coils with
a multiplexing device. C. Shows two loop coils with
an electrical connector enabling the coil to be re-
moved from the cable. D. Shows a small loop coil.
E. Shows a large loop coil. F. Shows a butterfly coil
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with two lobes and three lobes. G. Shows a trans-
mission line coil. H. Shows a looped transmission
line coil.

FIG 5 - A. Shows a loop coil contained in a coil hous-
ing with a coaxial wire for connection. B. Shows a
loop coil contained in a coil housing with an electrical/
mechanical connector. C. Shows a loop coil with an
RF to optical conversion circuit and a mechanical/
optical connection. D. Shows a side view of a breast
support structure with a patienton top. The compres-
sion plate has an aperture in which a coil plate is
attached. E. Shows a coil plate attached to the com-
pression frame with a cable connection to the MRI.
F. Shows a coil plate attached to the compression
frame with an electrical/mechanical connection to
the compression plate. G. Shows a coil plate at-
tached to the compression frame with a wireless con-
nection to the compression frame. The compression
frame is itself wirelessly or electrically connected to
the MRI. H. Shows a side view of rail (top) that sup-
ports a compression frame slider (middle) and a coil
(bottom) as an additional wireless implementation.

FIG 6 - Shows various arrangements of coils inte-
grated into a single arrangement. A. Shows four loop
coils B. Shows four loop coils with alternating field
directions. C. Shows four small loop coils. D. Shows
fourloop coils in a horizontal arrangement. E. Shows
four butterfly coils F. Shows a combination of two
loop and two butterfly coils. G. Shows four loop coils
superimposed on four butterfly coils. H. Shows four
loop/butterfly coils in a horizontal orientation. I.
Shows four transmission line coils. J. Shows two
transmission line coils presented as hybrid loops. K.
Shows four overlapped transmission line and loop
coils. L. Shows four sets of overlapped transmission
line, loop and butterfly coils.

FIG 7- Shows an axial view of a patient with breasts
in different conformations. A. Shows the breast in a
unilateral configuration with various coil plate ar-
rangements. B. Shows a bilateral configuration with
four independent medial/lateral plates. C. Shows a
bilateral configuration with a combined posterior and
medial plate structure. D. Shows a unilateral breast
with attached coil array. E. Shows a bilateral config-
uration of D. F. Shows a bilateral arrangement with-
out compression.

FIG 8 - Shows various coil arrangements for bilateral
imaging applications. A. Shows bilateral coil plates
with loop coils laterally and butterfly coils medially.
B. Shows loop lateral coils and butterfly medial coils
with the medial coils on a fixed medial structure. C.
Shows loop lateral and butterfly medial coils with the
medial coils on a fixed structure and the two lateral
coils attaching in a fixed manner to the medial struc-
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ture. D. Shows the same configuration as A, with two
lateral coils decoupled from each other through over-
lapping E. Shows the same configuration as B, with
two lateral coils decoupled from each other through
overlapping Here the medial butterfly has none-sym-
metric lobes so as to better decouple with the lateral
coil when positioned in a more posterior location. F.
Shows the same configuration as C, with two lateral
coils housed in an open coil housing, with two medial
coils decoupled from each other through overlap-
ping.G. Shows the same configuration as D, with
three lateral coils decoupled from each other through
overlapping H. Shows the same configuration as E,
with three lateral coils decoupled from each other
through overlapping. |. Shows the same configura-
tion as F, with lateral coils housed in an open coil
housing, with two medial coils decoupled from each
other through overlapping. Here an anterior connec-
tionis provided for lateral and medial coil connection.
J. Shows the same configuration as G, with two lat-
eral coils decoupled from each other through over-
lapping and two medial coils decoupled through
overlapping. K. Shows the same configuration as H,
with eight lateral coils decoupled from each other
through overlapping and eight medial coils decou-
pled through overlapping. L. Shows a similar config-
uration as |, with lateral coils housed in an open coil
housing, with two medial coils decoupled from each
other through overlapping. Here connection is per-
formed from the anterior position.

FIG 9 - Shows multiple views of breast compressed
in the up/down or superior/inferior direction. A.
Shows a breast compressed by a compression plate
directed from the anterior direction towards the pos-
terior. B. Shows a coil inserted in the compression
plate. C. Shows compression of two breasts from
the anterior direction. D. Shows a sagittal view of the
anterior compression plate. E. Shows an oblique piv-
oting compression plate compressing the breast
from the anterior direction. F. Shows a sagittal view
of e.

FIG 10 - Shows various compression arrangements
provided for an open architecture breast imaging
system. A. Shows a patient in a supine position with
aconformalimmobilization plate. B. Shows the same
patient in a prone position with the same immobili-
zation plate in place. C. Shows b. in the sagittal
plane. D. Shows an axial view of a breast after a
localization wire has been inserted into a tumor. E.
Shows the same patient afterimmobilization devices
have been removed. F. Shows the breast com-
pressed from the anterior direction.

FIG 11 - A. Shows a patient lying supine on a dedi-
cated body imaging tabletop used with a dedicated
stretcher. The stretcher is shown in-front of a closed
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bore MRI system. B. Shows a posterior support plate
with various coil inserts. C. Shows a posterior sup-
port plate with a large FOV coil inserts. D. Shows
how a set of coils can be placed in various positions
within the support plate to allow for optimal position-
ing relative to the anatomy of interest.

FIG 12 - A. Shows a patient lying supine on a dedi-
cated prostate imaging tabletop on a dedicated
stretcher. B. Shows an axial view of the patient. C.
Shows an anterior support plate with coil insert. D.
Shows a prostate sheath with coil insert. E. Shows
a posterior support plate with coil insert.

[0025] The foregoing features, objects and advantag-
es of the present invention will be apparent to one gen-
erally skilled in the art upon consideration of the following
detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The following described technology encom-
passes a method to improve magnetic resonance imag-
ing through use of improved coil systems, associated
support structures and apparatus. The preferred embod-
iments are described by reference to both the general
and specific attributes and features of the components
of the technology. However, this specification discloses
only some specific embodiments as examples of the
present technology, which as not intended to be limiting
in the interpretation of the scope of the claimed invention
of this Patent. It will be readily apparent that numerous
variations and modifications may be effected without de-
parting from the true spirit and scope of the novel con-
cepts of the invention.

[0027] This disclosure of technology includes RF coil
designs, mechanical system designs and methods of
configuring said coils so as to maximize signal arising
from said system and enable imaging of anatomy in con-
formations not previously provided for. In the exemplary
case this is described for breast imaging.

[0028] A fundamental aspect to this disclosure of tech-
nology is the separation of patient support structures from
the RF coil system. This is embodied in either a dedicated
stretcher with dedicated tabletop system (Fig 1B) or the
traditional tabletop system (Fig 1A) for use in an MRI (1).
[0029] As shown in Fig 1A the patient (4) lies prone,
with feet first into the MRI bore (head first may work as
well) (2) in preparation for MRI breastimaging. Presented
inthe Prior Artare a series of table top coil system designs
for breast imaging in which the RF system is integrated
into and is inseparable from the mechanical structure of
the apparatus. Typically a tabletop coil system (5) is
placed on top of an MRI’s stretcher and general purpose
tabletop and, in the case of breast imaging, the patient
lies prone atop this structure. In the case of a cylindrical
magnet of the style produced by General Electric, a pa-
tient transport stretcher is used to attach to the magnet.
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The stretcher (7) is typically a wheeled stretcher which
can mechanically attach (dock) to the magnet (1). The
general purpose tabletop is used to roll the patient into
the magnet bore (2) and moves relative to the stretcher.
The tabletop is driven in and out of the magnet by various
mechanisms. In the case of the cylindrical magnet of the
style produced by Siemens, a cantilevered patient sup-
portthatis separable from the magnetis used. For Philips
or Toshiba cylindrical magnets, a removable patient sup-
port is introduced by a different type of transport stretch-
er. The implementations provided by all of these magnet
manufacturers are not designed to accommodate a spe-
cialized imaging or intervention application or special pa-
tient positioning and therefore consist of a simple flat tab-
letop. In order to tailor the MRI's imaging capability for a
particular anatomy a dedicated coil system attached to
a special purpose tabletop which sits on top of the trans-
port stretcher is used. An example of such a proposed
arrangement is presented in Fig 1A.

[0030] The electronics housed in these coil systems
are electrically connected to the MRI RF acquisition sys-
tem. Various methods of attaching to the MRI system
have been proposed. At the time of filing of this Patent,
the most common include 1) a wire connecting the coil
system directly to the moving attachment of the MRI
(General Electric implementation), 2) a wire connecting
the coil system to the stationary part of the MRI (Philips
implementation). 3) wire connecting the coil system to
the MRI through connections provided in the patient sup-
port (Siemens implementation). Each of these means re-
quire the user to effect the connection of the coil system
to the MRI by manually connecting a plug. Additional
means could include electrical attachments that enable
the wires to directly connect to the MRI without the op-
erator needed to attach them. The process of setting the
tabletop coil system on the patient support, or docking
the patient support and stretcher to the magnet would
perform the direct electrical connection to the MRI sys-
tem. Electrical connection of the coil would be effected
by the act of docking, or attachment of the stretcher, or
tabletop coil to the apparatus. This may also include po-
sitioning the coil plug very close, but not completely in
contact with the MRI connector. The user would then be
required to perform the connection; however the benefit
of positioning the connector close to the MRI connection
would be to reduce the complexity of the setup process.
This will become increasingly important when the
number of required connections to the MRI (number of
channels) increases.

[0031] Various methods for connecting the RF cables
(83) from the tabletop (8) to the MRI (1) are presented
in Fig 1C, D, E, F, G, H. The tabletop contains a set of
cables to be connected to the MRI. These cables may
be connected to the MRI through a moving station (3)
thatadvances to mechanically and/or electrically connect
the tabletop to the MRI. Electrical connectivity ensures
the coils in the tabletop are connected to the MRI RF
acquisition system. Mechanical connectivity ensures the
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tabletop can be transported into and out of the magnet
without damaging the electrical components.

[0032] For magnets providing upwards of 16 data ac-
quisition channels, it is highly desirable to provide a
means to facilitate RF cable connection of the RF coils
to the magnet. One such means would involve the spe-
cialized tabletop (tabletop designed for a specific, rather
than general anatomic imaging function) to be attached
to the magnet by way of a row of vertically or horizontally
disposed RF connections with associated mechanical
alignment. In the preferred embodiment the RF cables
from the coils within the tabletop would terminate at the
horizontal face of the tabletop at the end proximal to the
MRI. In another embodiment, the RF cables would ter-
minate in a way that they are directed in vertical face
either directed upwards or downwards. Fig 1C demon-
strates the tabletop and stretcher in the undocked posi-
tion. Fig 1D demonstrates the table advanced into the
magnet such that the tabletop (8) has been connected
to the moving station (3) that supports a connection point
(80) to the MRI RF system that corresponds to a con-
nection point on the tabletop (80). Fig 1F demonstrates
the tabletop with vertical connectors undocked from the
magnet. Fig. 1F demonstrates the tabletop attached after
the tabletop has either been lowered on the moving sta-
tion, or the moving station has been raised to meet the
tabletop. Fig 1G shows an alternative arrangement
where the RF cables have been routed from the tabletop
through the stretcher and from the stretcher into the mag-
net through connection points on the stretcher and mag-
net respectively (80). In this alternative arrangement the
electrical connection of the tabletop to the MRI RF ac-
quisition system is performed during the action docking
the stretcher to the magnet.

[0033] Connection of the RF electronics of the tabletop
to the magnet either through the moving station (3) or
through a connection on the stretcher to the MRI would
involve i) mechanical alignment and attachment of the
stretcher to the magnet through a mechanical docking
sequence, ii) the tabletop advancing to connect to the
moving station (3), or the moving station advancing to
connect to the tabletop. Connection of the tabletop to the
moving station would be done by first providing a means
to mechanically align the two mating connections by way
of pins and holes, tapered alignment features or the like,
such that the connections are mechanically aligned be-
fore the electrical connection is established. This is an
essential feature for an automatic connection to the MRI.
In one embodiment, these connectors would be coaxial
connectors in which the center pin is shielded by an outer
connector. In another embodiment the signal would be
transmitted through inductively coupled connections. In
a third embodiment the signal could be transmitted
through optic fibers. The requirements for a mechanical
alignment means would be maintained for all connection
strategies.

[0034] The automatic connection of the table to the
MRI through these electrical connections (80) through
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the moving station (3) or the stretcher is a novel concept
having the benefits of reduced user interaction and pro-
vides a means to support a dense array of electrical con-
nections (i.e. greater than 36 channels). Overcoming the
electrical connector insertion force is significant when uti-
lizing greater than 36 channels. In the proposed inven-
tion, mechanisms such as levers, cams, motorized linear
or rotary actuators, or the like provides the required me-
chanical force required to facilitate connectivity to the
magnet. Another aspect of the invention includes the ad-
dition of a cover that would protect the connectors from
dirt, fluids, or patient/user contact. This cover would be
lifted to protect the connectors automatically as the two
sides approach each other. (For horizontal alignment,
the cover would lift to cover the top of the connection
area. For vertical alignment, the cover would lift to cover
the side of the connection area). This cover would provide
a mechanical barrier as well as a static charge barrier to
protect associated circuitry.

[0035] Additional coil connection means could also in-
clude attachment to a wireless device which transmits to
the MRI. All of the inventions presented in this patent
document can be applied to all the various means of at-
taching the RF coil system to the MRI system. Addition-
ally, an automatic coil tuning circuitry system may be pro-
vided in the tabletop. This circuitry must be positioned
between the coils on the tabletop and the connection to
the MRI. Currently, no stretcher system provides an in-
tegrated automatic coil tuning system and as such is a
novel invention.

[0036] Inthe Prior Art, these types of tabletop systems
do not provide modular support structures, anatomical
immobilization devices, interventional access ports,
means of device guidance, or means of attachment of
additional RF structures. These systems are typically de-
signed for a particular generalized anatomy and offer little
to no flexibility with respect to positioning and imaging
according to different clinical needs or body sizes.
[0037] A dedicated stretcher and tabletop system for
breastimaging has been presented in the Prior Art (Piron
et al, 2005/0080333). This system provides a unique pa-
tient support tabletop designed specifically for breast im-
aging and intervention. This system is presented in Fig
1b. The stretcher provides a large access volume under-
neath the breasts, giving the physician improved access
to the breasts for imaging preparation and interventional
applications. In the Prior Art (Piron et al, 2005/0080333)
a description of a coil system is presented in which the
coils are not integral to the patient support and can be
detached. This concept can be expanded upon greatly
to fully take advantage of the open architecture of the
system and the separation of the patient immobilization
and RF coil system functions.

[0038] Through the use of additional support struc-
tures, patient-specific geometries and positioning can be
accommodated in both a tabletop mounted, or dedicated
stretcher-based coil system. The improved access that
can be provided to the anatomy of interest through a
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dedicated stretcher-based system is shown in Fig 1B. By
providing removable sections of the structure, there are
more directions from which the anatomy, in this case the
breast, can be accessed. Additional support structures
can be used to obtain optimized positioning of patient
anatomies.

[0039] Asanexample, a patient support structure and
RF system for imaging a patient in a prone position is
shown in Fig 2. The main support structure (8) is similar
for both the dedicated tabletop system and the stand-
alone tabletop system. The figure shows how the two
alternatives - placing a coil on top of the general purpose
tabletop, versus replacing the general purpose stretcher
and tabletop with a specialized, stretcher dedicated for
a specialized tabletop which integrates or receives coil
elements. The figures represent both the add-on tabletop
version and the dedicated stretcher-based system simi-
larly, though the tabletop add-on differs from the special-
ized tabletop in the length of the structure, where the
dedicated stretcher/tabletop comprises a longer support
for the entire length of the patient. The patient support
structure (whether dedicated tabletop, or stand-alone)
provides 1) structural support to position the patient in a
comfortable position, 2) electrical cabling (11), 3) con-
nectors and circuitry to enable connection/communica-
tion to the MRI system, 4) connections for secondary
structural supports (14), 5) apertures to provide access
room and to facilitate connection of substructures (9), 6)
connection points (electrical and mechanical) to attach
compression systems and immobilization devices. 7)
Electrical connection of compression and immobilization
devices. Coil elements can be integrated into the body
of the structure as is currently done, or may be attached
in a separable manner to the main support structure as
claimed in this invention. According to the present inven-
tion, separable coils have electrical and/or magnetic con-
nections, as well as mechanical connection to the main
support structure. All signaling between the MRI and the
coils takes place through the cables by way of the MRI
connector (12). In the advent of wireless technology the
signals would be transmitted via a similar wireless
means.

[0040] A secondary support structure (15, 16, 17) can
be attached to the primary support structure (8) in order
to optimally position the patient’s tissues for imaging or
interventional applications. These support structures
hold a significant portion of the patient’s weight and are
integral to supporting the patient in a particular position.
These structural elements are presented in Figures 2 A,
B, C. In Fig 2A a sternum support (15) is shown attached
to the support structure. This is the preferred configura-
tion for bilateral imaging of the breast. This sternum sup-
port may house an RF coil and may be electronically
attached (14) to the cables (11) of the system. In Fig 2C
a unilateral breast support (16) is demonstrated to posi-
tion the unimaged breast out of the way. In Fig 2 C) a
bilateral breast support (17) is inserted into the support
structure. This support provides two volumes in which
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the breasts can rest and are substantially immobilized
without significant compression. It is preferable to pro-
vide multiple support sizes for various breast sizes.
These supports would be provided in varying dimensions
according to breast anatomy sizing. In the extreme case,
supports would provide a small cup, or plate, which could
be used to image mastectomy patient, or the male breast.
Combinations of different coils for different breast sizes
may be used with this configuration.

[0041] This structure (17) may house RF coils for im-
aging of the breast and apertures though which the breast
may be accessed. As with the sternum support which
integrates coil elements, electrical connections or the like
must be provided to transmit or receive signals to the
MRI. Secondary support structures may house additional
RF coils. Additionally, the bilateral support (17) may
house a gradient coil, a transmit, receive or transceive
coil. The ability to accept modular coil elements in an
interchangeable support structure is a unique aspect of
the presentinvention. Additionally, these secondary sup-
ports may provide specialized coils that facilitate special-
ized breast imaging, such as imaging or intervention of
the axillary tail of the breast. This embodiment would in-
clude a lateral member that can be attached to the top
of the compression frame on the inferior and superior
portion of the compression, or patient support.

[0042] Forinstance, a separable sternum support can
be used to hold an array of RF coils, and also support
the weight, or maintain the patientin a fixed position. This
support can be separated from the main body of the sys-
tem, while still being able to be positioned fixedly for im-
aging.

[0043] In another embodiment, a secondary plate can
be positioned externally (from sides or below the breast).
These would be positioned in fixed positions relative to
the anatomy. In a further embodiment a set of coils may
compress the breast against the chest wall. In this con-
figuration the coils may be used preferably toimage mas-
tectomy patients.

[0044] Additionally, this separable arrangement of
coils provides a means in which additional coils may be
provided at other locations on the structure. Considering
the exemplary case of breast imaging, it may be advan-
tageous to provide an array of coils additional to the coils
used near the breast, to cover other regions of the body
associated with breast cancer imaging. In current prac-
tice, a set of coils that are none-specific to breast cancer
metastasis such as a body coil to scan various regions
of the body. In the proposed invention, additional coils
located in the primary support structure at locations such
as near the liver, lobes of the lung, lymph nodes (neck,
chest regions not covered by the breast coils, body,
groin,) adrenal glands and brain as a non-limited set of
examples. These coils would either be attached to the
table for a specific patient, or would be selected during
the scanning procedure for specific imaging sequences.
In either case, this has not been presented in the prior-
art for a specialized coil geometry. In one application
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these coils may only be selected for patients with a known
cancer, while for the screening application, all available
channels are used for coils positioned near the breast
region as no-known cancer exists in these other regions.
[0045] Adjustable compression systems, anatomy
support, positioning and immobilization devices are in-
tegrated in a separable manner to the patient support
structure (Fig 3). They also provide a basis for positioning
and guiding imaging or interventional devices to an anat-
omy of interest. These compression systems (18, 19)
may consist of flat plates as shown being introduced to
the system in Fig 3A, or members having surfaces that
conform to the anatomy or to a desired shape. These
compression systems are movably and lockably dis-
posed on tracks, rail guides, or held by mechanical arms
or the like. Where multiple degrees of freedom are de-
sired for plate adjustment, lockable joints such as gimbals
having several degrees of freedom may be used, or a
second guide rail may be mounted on top of a first (and
a third on top of a second), permitting adjustment in mul-
tiple independent axes. A combination of mechanisms
may be used to provide both linear and rotational adjust-
ment. These positioning devices are locked in place us-
ing clamps, cams, mating threads, straps, friction fits, or
other immobilization means. It is also possible to deliver
or to maintain a patient supporting, immobilizing, or com-
pressive force by coupling a mechanical, electrical, hy-
draulic or pneumatic actuator to the member. Through
the use of an open architecture system, whether an add-
on tabletop system such as shown in Fig 1A or in a ded-
icated stretcher-based system as presented in Fig 1B,
the anatomy can be supported, immobilized, com-
pressed or repositioned in various directions while the
patient remains immobile, lying on the support structure.
This is currently only possible in a limited manner in the
prior art by tabletop add-on breast imaging systems pro-
viding medial and lateral compression in a left-right di-
rection. One system in the Prior Art provides access to
the breast from the anterior direction (Piron et al., de-
scribed above). Shown in Fig 3B is a compression plate
approaching from the lateral direction (19) and a com-
pression plate approaching from the anterior direction
(18). Structures can be delivered from a medial approach
in a similar way. This open architecture permits removing
and attaching compression plates and coils from various
directions without removing the patient from the appara-
tus. Structures other than compression plates also may
be introduced into the volume (9), these are referred to
as secondary infrastructure devices. Fig 3C shows an
anterior structural plate (20) that hinges in the sagittal
plane, shown here hinged about the thorax region of the
patient, and a lateral structural plate (21) that hinges in
a coronal plane, shown hinged about the thorax region
of the patient. These plates may pivot or slide into the
volume of interest, or may be completely detached and
reattached as required. These plates may be delivered
and locked in place relative to the main support structure
by various mechanical clamping or fixation means (22).
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[0046] These structures are brought into the struc-
ture’s open access volume for purposes of: 1) protecting
anatomy from rubbing against the MRI's bore as the pa-
tient is advanced to the imaging position, 2) providing
attachment points and fixation means for other struc-
tures, imaging or interventional devices, 3) providing ad-
ditional coil structure support and attachment points, 4)
(when used with a special purpose tabletop having a ded-
icated stretcher) providing a structure and surface which
may bear the tabletop’s weight when advancing into the
bore of the magnet, 5) for catching blood, or 6) for any
combination of these purposes. It may also be preferable
to communicate the locked or unlocked conditions of
these plates through mechanical locking mechanisms,
electrical signals or any other communication means to
indicate to the magnet or the user if the plates are not in
the proper position for imaging or for advancing to the
imaging position. This provides a means to ensure the
patient will not be advanced into the magnet until all
plates are positioned appropriately.

[0047] The compression plates (18, 19) additionally
provide mountings to which removable RF coil systems
(23, 24) or magnetic field gradient producing coils, or
"gradient" coils may be attached. These mountings may
provide both mechanical connections to the compression
system and, simultaneously signal connectivity to the
MRI imaging system, such that the act of connecting the
coil element or elements to the movable compression
plate also connects that coil’'s signals to the MRI. One
benefit of an RF coil system that is separable from the
main support, the secondary support structures and the
compression/immobilization system is that the patient
may remain in the identical position while various RF coil
systems can be attached and removed. This is a unique
and fundamental concept.

[0048] Decoupling the anatomical positioning and im-
mobilization from the delivery of coil elements and other
devices permits modular attachment of devices accord-
ing to the application while the patient remains in an un-
changed conformation. Additionally RF coil systems may
be attached to or built directly into the compression
frames. These compression frames would then be con-
nected to the main support structure both mechanically
and electrically through a single locking/fixation means.
There would be no need to attach a moveable coil to the
MRI with a separate cable or other signal coupling means
if the signal path is completed through the fixation or lock-
ing means. This may be accomplished by (for example)
providing sliding electrical contacts along the adjustment
range of the compression plate’s fixation means. This
connection could either be constantly in contact, or it
could be closed by the act of fixing the coils in place with
a suitable fixation means such as a clamp, cam lock,
friction fit, or the like.

[0049] The use of modular magnetic field gradient pro-
ducing electronics, as described is unique and applicable
to the full range of organs, body regions and limbs (in
addition to the breasts) identified above. As gradient coils
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are primarily part of the MR imaging system, the depar-
ture of integrating these into the patient support bed is
unique. These gradient coils, connection of these gradi-
ent coils to the MRI by signal producing cables and wires,
and mechanical means of affixing the coils in a modular
manner to the patient support structure or its compres-
sion plates are novel aspects of the technology. Further-
more, the attachment of the coils to the support structure,
and then to the MRI system by wireless technology (e.qg.,
RF, optical transmission), and the like is novel. Further-
more, the ability of completing and RF circuit or imaging
coil loop upon locking of the compression plates such
that the coil is active in the locked position, and in-active
in the unlocked position is novel and provides the benefit
of ensuring the plates will not move during imaging.
[0050] Further, the method of attachment of the coil to
the compression plate can be configured to automatically
select appropriate signal channels and terminate unused
channels directly through the connector. A plug, referred
to herein as a termination plug, provides electrical termi-
nations for the end of a set of signaling cables or lines.
Using a suitable plug configuration of various electrical
components such as electrical shorts, opens or various
loading (impedance from resistors, inductors or capaci-
tors), along with appropriately mechanically arranged
keyed coil plates, enables determination and routing of
the channels to the MRI to happen automatically, with
no need for multiplexing circuitry. To accomplish this,
each coil plate mates with the cabling system through an
N terminal plug, where N is the maximum number of coils
that can be included within each coil plate. For plates
with fewer than N coils, a subset of those plugs connect
to the coils, with the remaining plugs connected to line
termination circuitry within the coil plate. These N lines
from each coil plate must be combined down to the
number of input channels of the MR system. By properly
configuring the connector geometry, each unused, ter-
minated connection line of a coil plate can be wired in
parallel with an active coil on a different connector, thus
providing connection to a full set of active MR channels
automatically. Unused lengths parts of the cable system
are terminated when coils are plugged in to it. The mere
fact of attachment of coils and coil arrays through termi-
nating plugs is novel. Also, a coil plate is proposed which
has a connector which will reverse the polarity of its con-
nection when it is physically connected in the opposite
orientation. Further, a coil plate may have a connector
plug which may mate with a connector receptacle in a
variety of different orientations (e.g., O degrees, 90 de-
grees, 180 degrees, intermediate degrees, etc), wherein
the orientation of its connection determines which chan-
nels of the cable system (and therefore MRI) the coil plate
connects with (and which cables are terminated).
[0051] The compression/immobilization  system
should preferably consist of materials giving rise to min-
imal artifacts when imaging using other imaging modal-
ities such as ultrasound, X-ray. PET, CT, optical, etc.
This can be accomplished through appropriate matching
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of materials such that the excitation or detection of sig-
nals are minimally affected by the existence of the com-
pression/immobilization system (i.e. acoustically trans-
parent windows, optically transparent windows, optically
translucent materials, radiolucent materials, non-mag-
netic materials etc).

Radiofrequency Antennas

[0052] The antennae, or RF coils (which are also called
simply "coils") used with such an apparatus include trans-
mit and receive coils of various designs. A typical RF coll
design for a simple receive-only loop coil is presented in
Fig 4A. This RF antenna (33) consists of basic RF com-
ponents including the RF coil conductor (25), broken into
multiple segments with distributed capacitors (26). Atone
of the junctions is a passive blocking circuit (27), with an
additional active blocking circuit (28) which is activated
by a bias signal from the MRI. Various additional circuits
and components are desirable and will be considered to
be included when appropriate when referring to all RF
implementations throughout this document. Preamplifi-
ers and conditioning circuitry (29, 32) may be included
either close to the coil as is preferred for optimal SNR,
or further towards the MRI connector (12). The pre-am-
plifiers can be included either 1) on the MRI system, 2)
on the support structure, or 3) on the coil. There are ben-
efits to positioning the preamplifiers on the coils, as they
can be easily replaced, can be optimized for particular
applications and can provide greater SNR improvement
the closer they are to the coil. Additionally, current shield
chokes or baluns (30, 31) or other like components may
be placed on the cable, on the coil, or anywhere through-
out the RF system to provide appropriate current chokes
which minimize electrical currents in the shield of the RF
conductors. These concepts have been presented in the
Prior Art, and is presented here as background material.
[0053] When more than one coil is provided in the sys-
tem there are many ways in which they can be selected.
In Fig 4B, three coils are shown, decoupled from one
another by an appropriate overlap which brings mutual
inductance to zero. In order to select one coil, a multi-
plexer (34) can be used. This is a common way of se-
lecting which coils are receiving or transmitting signals
to the MRI when a subset of the full available set is re-
quired. This is well known in the prior art. In Fig 4C. two
coils are shown with an electrical connector (44) in the
cable (11). When the coils are detached from the cable,
signals to or from the MRI can not be transferred. In this
way various coils can be removed and interchanged as
is appropriate. The preferred electrical embodiment em-
ploys coaxial connectors; however various connectors
can be used. Further, when a coil is detached from a
cable, circuitry can be enabled, either mechanically
through the act of detachment or electronically, which
provides an appropriate signal or electrical characteristic
on the cable to disable or detach that cable’s connection
to the MRI, or remove any effect that cable may have on
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the imaging system.

[0054] In reference to Fig 4, Small (35) or large (36)
loop antennas provide high SNR and can be sized ap-
propriately to the anatomy. Butterfly coils (37) can be
combined with loop coils to form a quadrature configu-
ration. This has been presented in the Prior art. Multilobe
butterfly coils have not been extensively used in multiple
coil geometries however. Microstrip Transmission line
coils (38) (Zhang 2002/0079996) can be utilized in
densely packed configurations in a variety of geometries.
These antennas can be combined with loop and/or but-
terfly coils in densely packed arrangements while still
providing substantially orthogonal fields that lead to high
SNR and unique fields that can lead to high accelerations
for parallel imaging. These microstrip coils can be fixed
into loop, or hybrid structures to form that appropriate
imaging sensitivity profile (39). Additionally opposed so-
lenoid RF antennas can provide good local imaging with
the benefit of minimal coupling with surrounding coils.
[0055] A fundamental element to the invention pre-
sented herein is the ability to decouple a large number
of coils in a confined space by use of combinations of
coils which are intrinsically decoupled from one another.
As a set, a combination of loop coil and butterfly coil may
be positioned in such a way that they can be placed co-
planar to one another and not be coupled. In this way a
loop and a butterfly coil exceeding at least 3 cm in its
longest dimension, can be positioned in a location cross-
wise from a loop coil, in a clinically useful geometry and
not diminish imaging quality through significant coupling
effects. In this way coil geometries can be used that are
conducive with a separable RF system design as pre-
sented (i.e. coils located close to the anatomy, such as
a coil 5 mm from the volume of interest, located on more
than one side of the volume simultaneously). Additionally
combinations of butterfly coils, or three or more lobed
geometries (i.e., loop coils with more than one self cross-
ing point), can be used in such an arrangement where
the decoupling is minimized. Some of these preferred
geometries, where butterfly coils are used with loop coils
are presented in Fig 8.

[0056] Combining these coils in appropriate arrange-
ments within this modular system provides various op-
portunities for optimizing imaging for various applica-
tions.

RF Coil Housing

[0057] The RF coils must be embedded in a housing
(40) that protects the electronics from damage, and pro-
tects the patient from potential bums or heating. The coll
housing may also provide an RF shield which can be
integrated into the housing. Examples of such coil hous-
ings are shown in Fig 5A. Here the coil (33) consists of
a coil housing (40), with the electronics embedded within
the coil housing. In this presented configuration an ap-
erture (41) in the middle of the coil housing provides an
access port in which interventional procedures may be
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performed. In order to connect the coil electronics to the
MRI electronics, a cable (11) runs out of the coil housing
as is common with most coils. Alternatively, in lieu of a
cable on the coil, a direct electrical/mechanical connec-
tion (42) can be made from the coil to cabling running to
the MRI through various potential attachment points on
the structure or on the compression plates as shown in
Fig 5B. Alternatively, an optical signal may be used to
transmit the received imaging information from the coil
to the MRI. This is demonstrated in Fig 5C where an
electrical/optical signal conversion takes place on the coil
plate or in a structure which is connected to the coil plate
and the optical signal is transmitted to the MRI via fiber
optic cables or optical signals transmitted through the air.
This conversion can take place inside an imaging table-
top or in a structure connected to the imaging tabletop.
In connection with the optical transmission of imaging
data, the MRl is fitted with a means of decoding or de-
modulating such data in order to process it in the ordinary
way. Each of the coil housings presented must provide
the following features: 1) Mechanical attachment mech-
anisms, 2) Means of coupling signal to the MRI, 3) Phys-
ical housing to protect electronics and patient which is
impervious to fluids and may be appropriately cleaned
and/or disinfected.

[0058] According to the present invention, coil hous-
ings or tabletops may also contain batteries or capacitors
which would be used to operate coils that are wirelessly
integrated into the RF system (e.g. using telemetry or an
optical connection). If these coils are receive-only coils,
a DC voltage is required to provide a blocking voltage to
the coil during transmit imaging mode, or power may be
required to activate amplifiers located in the electronics.
The coil housing may include a means of connecting to
a battery recharging station. This may be provided by
way of an electrical connection to the coil housing from
the recharging station, through the housing to arecharge-
able battery internal to the housing. This battery may then
be electrically attached to the coil circuitry where it can
power connected amplifiers, or activate diodes to per-
form switching circuitry. Alternately, the coil may be pow-
ered by a fuel cell, which fuel cell may be recharged while
in the coil housing, or which may be removed for purpos-
es of replacement and/or recharging.

[0059] Coils having cryogenic cooling may be refilled
with cryogen using this same battery charging station, or
a separate charging station. A coil housing may contain
or integrate a cryogen containment device that contains
cryogen coolant (e.g. liquid Helium, liquid Nitrogen) so
as to reduce the electrical noise arising from the elec-
tronics and the coil conductor. The cryogen levels in the
coil would need to be recharged, or refilled over time due
to the gradual loss of cryogenic coolant from the contain-
ing housing. A separable coil with such a cryogen con-
tainer would benefit from a recharging station which refills
the coil with cryogen (either on demand, automatically,
or otherwise). This charging station consists of a cryogen
containment volume and a means to supply this to the
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coil housing. When the coil is attached to this charging
unit, it is filled with cryogen through an opening and a
sealable valve contained in the coil housing. An addition-
al novel concept would be to combine the battery charg-
ing and cryogen refilling functions into a single station.
As such the battery levels used to charge the active com-
ponents of the coil, and the cryogen levels used to cool
the coil, can be refreshed in a single step. Additionally,
such a coil having cryogenic coolant can use the Seebeck
voltage effect to generate a small amount of electrical
power. This power can be used directly to provide coil
blocking or to power the transmission of signals from the
coil, or the power can be used to charge a battery which
is in turn used to do these things.

Coil Attachment Point Positions

[0060] RF coils may be integrated into the coil system
through any combination of a variety of means: 1) Em-
bedded (non separable) coils in the support structure, 2)
Embedded coils in non-separable, but movable struc-
tures, 3) Separable RF coils in coil housings attached to
the compression frames, 4) Separable RF coils in coil
housings attached directly to the support structure, 5)
Separable secondary support structures containing RF
coils. As presented in Fig. 2, embedded coils in case 1)
and 2) can be directly connected to the MRI connector
(12) by way of the traditional means of electrical connec-
tion. Separable coils 3), 4), 5) may be connected to the
MRI via a connection panel (13) or port (14) provided
within the support structure (8) which is then attached to
the MRI connection (12) by way of electrical cables (11)
(or other such means). RF coils that are attached to the
moveable elements of the system such as the compres-
sion plates, the secondary infrastructure or embedded
within the compression plates have the advantage of be-
ing placed very close to the anatomy resulting in high
signal acquisition.

[0061] Connection points are provided in the support
structure at points that are accessible to the MRI tech-
nologist and located at various positions on the main sup-
port as indicated in Figures 5E, F, G and Fig 2. These
connections would consist of single or multiple individual
electrical, optical or inductive connections housed within
a mechanical support structure. In cases of arrays of
densely packed RF coils, these connectors would consist
of many independent connectors. RF coils may be at-
tached to the connection panel or ports by way of multiple
means including:

1) Electrical cable with terminating connector at-
tached directly to connection panel. (preferably a co-
axial or similarly shielded connector)

2) Direct electrical connection provided through an
electrical/mechanical connection housed in the coll
form.

3) Magnetically inductive (wireless) connection from
coil to the connector panel.
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4) Optical connection (with or without fibre-optic ca-
ble) from the coil to the connector panel.

[0062] These connection points should provide me-
chanical integrity and in cases where the coils may be
exposed to fluids or bio-contamination, must be imper-
vious to these fluids and be easily cleaned and disinfect-
ed. Additionally these connection points should provide
unique physical connections so that only certain coils can
be connected to certain connection ports as appropriate.
[0063] One exemplary implementation includes a
number of sets of electrical conductors (88) disposed
along two sets of sliding rails. The number of sets of elec-
trical conductors is equal to the number of channels of
the MRI system. This invention is presented in Figure
5H. Here a rail (84) supports a mechanical slider (86).
Along this rail are multiple sets of multiple parallel con-
ductors (88) in which each set terminates on a coaxial
cable (89). In the exemplary case, there are two sets
each having three parallel conductors. In the exemplary
embodiment, each channel is represented by a set of
three conductors, one centre conductor for the central
conductor of the coaxial wire, another two used for the
outer conductor of the coaxial conductor. The relative
position and thickness of three conductors relative to
each other enable matching of the conductor to enable
impedance matching for the electrical system. In a similar
embodiment, multiple sets of two conductors are used,
connected in alternation with inner and outer conductors
ofthe coaxial cable. This alternation, whether among sets
of three or sets of two conductors is necessary to provide
a substantial degree of shielding between adjacent chan-
nels of the MRI signals.

[0064] The slider (86) is fitted with brushes or spring
contacts which connect electrically to the sets of parallel
conductors either continuously, or only when the slider
(86) is locked in place.

[0065] The coil and coil frame (87) supports similar
sets of parallel conductors (90) disposed along a different
direction of adjustability of the coil frame. These conduc-
tors are positioned externally to the coil enclosure and
connect to the coils housed within the enclosure. These
conductors are aligned with a mating set of conductors
contained within a T slot in the mechanical slider (86).
When the conductors on this slider are locked into place
with the coil enclosure by way of a locking mechanism,
the two sets of conductors are in electrical contact.
[0066] Suchanarrangementprovidesameans of lock-
ing the slider and/or coil mechanically and completing
the electrical connectivity between the coils (87) and the
cables (89) in one action. Regardless of adjusting the
positions of the coil frame in the slider and the slider in
the rail, there are multiple electrical connection from the
coil contained in the housing to the wires that are con-
nected to the MRI. Although the presented implementa-
tion uses T slots and a set of three conductors, various
other mechanical and electrical configurations may be
used that do not deviate from the spirit of this invention,
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that spirit being the ability to connect a set of cables at
continuously variable positions through mechanical po-
sitioning mechanisms. This ensures no cables interfere
while positioning coil plates, and electrical continuity
checking can determine if all plates in the system have
been locked into position.

Coil Selection and Switching

[0067] Bilateral imaging applications such as breast
imaging when using arrays of multiple coils can make
use of a means of selecting subsets of coils to collect
only MR signals from the volume of interest. In the case
of bilateral contrast-enhanced breast imaging, it is de-
sired to obtain individual breast volumes independently.
Therefore a means of selecting a subset of coils during
image acquisition of one breast, and another subset of
coils for another breastis preferable. This is also required
for imaging applications when selecting to image or ex-
cite sub-volumes of interest and additionally in applica-
tions where sets of transmit coils that only comprise a
subset of the full number of RF coils may be desired to
be activated..

[0068] Methods of selecting or deactivating coils in-
clude selecting coils by electrical activation or deactiva-
tion, mechanical modification of the coil such that the coil
circuit is modified, opened or closed or the removal and
reconnection of coils. One means of switching coils for
different imaging configurations pertains to the physical
separation of the coil from the system, in particular the
removal of the coil and coil housing from the connection
to the MRI. If another coil or coil array is not put in place
of the removed coil, a termination circuit, an open circuit,
an appropriate resistive load, such as a 50 Ohm load, a
closed circuit, or a circuit designed to detune the coil may
be connected in its place, either automatically or manu-
ally,. This can be applied to coils that are connected to
the system by electrical connection, electrical/mechani-
cal connection, inductively coupled or optically coupled
coils.

[0069] Another coil selection option includes electrical
deactivation of the coil through a blocking signal (typically
a bias voltage) to a detuning circuit. These coils may be
selected so as to optimize the total number of coils which
are imaging an appropriate volume. Electrical coil selec-
tion can be accomplished by 1) user selection of coil con-
figuration files which program the MRI to send an appro-
priate blocking signal to the coils, 2) automated switching
based on external signals generated through the MR con-
trol pulses., e.g. alternating activation and deactivation
of coils in such a manner to decouple them appropriately
or to maximize the number of active signals as is prefer-
able with imaging of bilateral anatomy. 3) user selection
through an external signal not provided through the MRI.
This signal may be electrically, optically or inductively
provided. 4) Automated selection of coils based on load-
ing characteristics of the coils as reflected by the signal
provided by the coil, 5) Analysis of the individual signals
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arriving at the MRI and their omission or inclusion in the
reconstruction. 6) Programmed switching of coils using
optical signals. These automated techniques require a
signal to be measured (an impedance measurement
from the coil, an MR signal measurement or an optical
measurement) to determine whether each individual coil
element is making a positive contribution to the overall
field-of-view or SNR. This is a particularly important con-
sideration for breastimaging where breast sizes vary sig-
nificantly and where some subset of coils may not con-
tribute signal to the image reconstruction and so should
be disabled or disregarded. Rather than simply ignoring
the input of one or more coils, it is sometimes advanta-
geous to disconnect, deactivate or remove one or more
coils. If one or more coils in an array is deactivated or
disconnected or removed, it does not contribute electrical
noise to the reconstructed image in the same way that
an active, connected coil would. Additionally, it cannot
provide unwanted coupling between other coils when
thus negated. In one embodiment of the present inven-
tion, more coils are provided in proximity to the region of
interest than can possibly be used simultaneously. Var-
ious means are used to select from among the available
coil elements the most beneficial coil elements. The
means of coil selection and schemes for coil deactivation
are given above.

[0070] Switching, with external circuitry and multiplex-
ing of channels, enables more coils to be used present
in an array than the total number of available receive
channels available on the MRI. For instance a 16 coil
element breast coil array can be used with an 8 channel
MRI. This concept has been proposed in the prior art,
however this has not been considered for an expandable
system as presented and did not anticipate the various
embodiments presented in this application. This multi-
plexing capability can be provided in the dedicated
stretcher-based or tabletop add-on coil as well as within
the MRI electronics. Additionally, switching circuitry can
be integrated to enable proper transmission of the re-
ceive coil signals, transmit signals and blocking signals
for coil deactivation as has been presented in the prior
art (6,867,593 Menon et al). Integrating this switching
technology into the stretcher has not been anticipated in
the Prior Art and offers significant advantages.

[0071] Additionally, mechanical/electrical switches
may be used to force the circuit to be inactive. This is
primarily a mechanical decoupling where the coils may
be left in place, with a switch either completing or break-
ing the circuit, or enabling an additional circuit which dis-
engages or decouples the coil from the system. Further-
more, multiple coils may be arranged within a coil plate
in a manner that enables certain coils when the coil plate
is inserted in a specific orientation, leaving the other coils
inactive. This could be a gravity switch, which selects
and deactivates predetermined coils depending on in
which orientation the plate is fixed. Alternatively, coils
could be activated/deactivated by the orientation in which
the coil frame’s connector is introduced into the corre-
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sponding receptacle.
Coil element array designs:

[0072] Combinations of loop coils, saddle coils, trans-
mission line antennas, butterfly coils, dipoles, solenoid
coils, opposed solenoid/self-inductive can be used in the
present invention. These coils can be used as phased
array or as quadrature or circularly polarized configura-
tions. The preferred embodiments include arrangements
where multiple coils are selected on the basis of being
sized appropriately to the patient anatomy, with each coil
imaging substantially independent sub-volumes of the
total imaging volume. In this way the combined signal to
noise ratio from all the coils can be maximized. In partic-
ular, the combination of a loop coil, a butterfly coil and in
some arrangements a transmission line coil all three lying
in the same plane or in nearby parallel planes will form
fields whose field lines are, in most places, close to or-
thogonal to each other. Having substantially orthogonal
field lines helps to reduce inductive coupling between
coils. In this way coils can be densely packed to cover
an imaging volume without interfering with one another,
giving rise to optimal SNR.

INDIVIDUAL COIL CONFIGURATIONS

[0073] Signals from individual coil elements can be
combined in phased-array, quadrature or circularly po-
larized arrangements. The preferred embodiments are
presented with interchangeable coil plates containing
coils in phased array and quadrature arrangements in
various geometries and various orientations. The ar-
rangement of the coils on these plates contributes to the
overall sensitivity profile and field-of-view of the com-
bined coil array. Therefore the size, position, phase var-
iation and orientation of the coils must be considered to
optimize the overall sensitivity, field uniformity, field cov-
erage, coil coupling and parallel imaging characteristics
of the entire coil arrangement. Fig 6 shows a number of
loop coils (36) arranged and permanently mounted to-
gether within a movable coil plate (40). For breast imag-
ing, a set of four loop coils are presented with long axis
in the Y direction (corresponding to patient Anterior/Pos-
terior orientation) in Fig 6A. This has not been presented
in the Prior Art for breastimaging. The polarity of the field
attributed to each coilis in the same direction. Decoupling
of adjacent coils is performed by overlapping the coils
slightly. In Fig 6B, the direction (polarity) of the field is
reversed in alternate coil. In this manner the coils flux or
field generated by the combined coils can be more ef-
fectively decoupled in some arrangements. A similar coil
array to Fig 6A, is shown in Fig 6C differing only in height
where smaller coils are used (35). Here the aspect ratio
is closer to 1:1 width to height, opposed to slender coils
in Fig 6B, where the ratio is 2:1 up to 5:1 in dense arrays.
Placement of the coils (36) in the horizontal orientation
as depicted in Fig 6D demonstrates a four coil arrange-
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ment with the long axis of the coils aligned with the long
axis of the coil plate. An arrangement of four butterfly
coils (37) is presented in Fig 6E. These coil plates can
also be arranged with loop coils as shown in Fig 6F, as
they produce unique coil fields for better parallel imaging
capability.

[0074] Loop and butterfly coils can be overlapped such
that their fields are orthogonal to one another. In this way
a dense packing of 8 coils with unique imaging fields of
view can be attained. These coils can be arranged with
long axes aligned with the long axis of the coil plate as
shown in Fig 6H. Transmission line coils (38) can be ar-
ranged with their length along the main magnetic field of
the magnet as shown in Fig 6l. The lengths of these coils
can be modified to fit the contour of a compressed breast.
These concepts have not been presented in the Prior Art
and are novel. Alternatively, transmission line coils can
be used in a configuration where the line is shaped into
the geometry of a loop coil, but which loop is not actually
closed. Two such coils are presented in 6J. With the
transmission line coils in an open loop geometry, the coil
operates similarly to a single loop coil with the field di-
rected in one direction. As a transmission line coil field
tends to be directed in one direction, this geometry is
beneficial when considering these coils can be used in
an array where the coils are positioned with their ground
planes directed towards each other.

[0075] Loop coils and transmission line coils can be
combined to create dense arrays of coils as shown in Fig
6K where 8 coils are presented. Further, butterfly, loop
and transmission line coils can be arranged to create a
twelve coil array in which the fields are relatively inde-
pendent. This arrangement of densely packed coils leads
to arrangements of coils optimally sized to the anatomy
of interest and providing for high acceleration factors with
respect to parallel imaging capabilities.

[0076] Various phased array configurations have been
used for cardiac coil systems in which two rows of coils
are used in order to provide for parallel imaging (e.g.,
SENSE) accelerations in two directions along the coil
plate. A breast coil combining many loop, butterfly and
saddle coils has been presented, however this is in a
fixed arrangement (Qu et al, US 2005/0104591 A1)
where positions and types of individual coil elements can-
not be modified. Additionally, coil systems have been
presented in which individual coil elements are shown to
be combined in linear arrangements (Vij, US Patent
6,498,489). However no attempt has been made to de-
couple the imaging and support functions of the coils and
there has been no attempt made in which to decouple
the sets of coils from one another. Additionally, none of
the coil arrangements presented in Fig 6 have been pro-
posed in the context of imaging with the plates on op-
posing sides of the imaging volume..

[0077] The TIM® system developed by Siemens Med-
ical combines multiple coil elements, some of which are
embedded within the patient support table. The MRI sys-
tem actively blocks and detunes some elements in the
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array of coils. This is a significantly different concept than
proposed. Additionally, the TIM® system is a generalized
RF system design in which the generalized tabletop has
been developed to handle all potential imaging applica-
tions without specifically providing for optimized coil ar-
rangements or positioning. Applications such as breast
imaging require a dedicated support structure in which
modular coil arrangements can be utilized.

Coil Array Configuration

[0078] The coil plates should preferably be arranged
in a medial/lateral arrangement as demonstrated in an
axial view of the coil arrangements shown in Fig 7. Fig
7A presents a unilateral breast imaging application
where a single breast of interest is immobilized and com-
pressed between two compression plates which can be
adjusted in a left/right direction and locked in place, while
the other breast is compressed against the chest wall by
a contralateral breast support. In Fig 7A) medial (47) and
lateral (24) coil plates are supported by a pair of com-
pression frames. The ability to move these coil plates
close to the breast significantly improves coil reception.
Implementations of such a coil configuration have been
presented in the Prior Art, various geometries of these
coils were not detailed (Piron et al, 2005/0080333). This
application presents detailed coil arrangements that can
be used with such a configuration, and additionally ex-
pands beyond this concept with coil arrays presented in
various other arrangements and geometries that enable
improved coil decoupling.

[0079] InFig 7B, a bilateral coil geometry is presented
in which two lateral compression plates (24) contain coils
and two medial compression plates contain coil plates
(47). Additional-anterior coil plates (23) can be attached
to the compression frames or attached to the main sup-
port structure (8), as well as posterior coil plates, or coil
structures (46) which are disposed against the chest wall,
having large apertures which admit the breast. These
coils may also be moved relative to the support structure.
In the preferred embodiment the medial/lateral coils will
primarily move left and right, while the anterior/posterior
coils will primarily move up/down. It is also desirable to
have a small adjustment range of the medial-lateral
plates in the anterior-posterior direction (up to 30 cm for
standard breast imaging), and to have a left-right adjust-
ment range for the anterior-posterior coils (up to 50 cm
for standard breast imaging). For bilateral imaging appli-
cations, four separate lateral-medial compression plates
provide compression for both breasts. Additional support
can be provided by a sternum support (15), which may
or may not contain RF imaging coils. In this arrangement
a total of 8 coil plates may be arranged to cover imaging
of both breasts. Additionally, coils may be attached to
any other coil in the system through a mechanical con-
nection. This may introduce the coil into the array at a
well defined position such that it provides improved de-
coupling between coils. The connection can be made at
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various left/right positions such that various electrical
connections associated with unique mechanical posi-
tions such that unique decoupling and electrical connec-
tions can be made.

[0080] Coil plates may house transmit, receive or
transceive coils, or any combination of these coils. In Fig
7C), the two posterior coil plates (48), the sternum sup-
port (15), the two medial coil plates (47) are combined
into one combined support and imaging structure. This
medial support structure can be removed from the main
support as would be necessary for interventions per-
formed in the medial direction to ensure full breast ac-
cess. The medial support structure may also be hollow,
such that various RF coils can be placed into position
while that patient is still atop the structure.

[0081] Shown here medial compression plates do no
house any medial coil plates. Instead all of the RF an-
tennae are integrated into this medial support structure.
This embodiment may have coils on each medial face,
in the sternum face, and throughout the posterior struc-
ture. In this arrangement the coils can be decoupled from
one another through traditional means as the coils do not
move relative to one another. This can be extended to
include any combination of coil plates and support struc-
tures.

[0082] An alternative arrangement of coils is demon-
strated in Fig 7D, E, F. Here the function of compression
of the breast and the placement of the coils have been
separated. An implementation for a unilateral coil geom-
etry is demonstrated in Fig 7D, the lateral coil (24) is
attached through connecting members to the medial coil
(47). These connecting members may i) house electrical
connectors that complete circuits on the lateral or medial
coil arrays such that they are activated for imaging, ii)
may provide connections between lateral and medial
coils for purposes of decoupling lateral and medial coils,
iii) may house additional coils or segments of coils that
can be used to contribute to the array of active coils.
[0083] Additionally, coils positioned in the posterior or
anterior positions relative to the breast can be integrated
at fixed positions relative to (24) and (47). In this way the
coils are at known positions relative to each other, where
decoupling strategies such as inductive or capacitive de-
coupling can be used to reduce the coupling interactions
between all coil elements. Compression members can
be attached to the members connecting the lateral and
medial coils such that the breast may be compressed
without moving the coils. In Fig 7E, a bilateral implemen-
tation extends this concept to attach lateral coils (24) to
a large medial coil which can house coil elements in the
posterior and medial positions relative to the breast,
where the compression plates can move relative to the
coils to enable compression as required. In Fig 7F, the
posterior coil is integrated with the medial coils. In this
arrangement all coils are at known positions to one an-
other and therefore can be appropriately decoupled. No
compression plates are presented in this implementa-
tion. The ability to numerous connect subsets of coils into
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a primary set of coils that is attached to the MRl is a novel
and fundamental concept.

[0084] In all of these embodiments, the lateral, medial,
anterior or posterior coils can be interchanged with other
coils such that the coils can be arranged such that they
can be sized as is appropriate to the geometry of the
breast.

[0085] The proposed coil structures in Fig 7 enable
coils to be placed close to the breast, or to encase the
breast with numerous coils for various imaging applica-
tions. Additionally, these coils can be removed or inter-
changed with coils that are appropriate sizes relative to
the anatomy being imaged. A set of various coils may
comprise a kit that enables imaging of various breast
sizes, including:

[0086] One embodiment where there are coils for uni-
lateral imaging and different coils for bilateral imaging.
Additional embodiments include unilateral and lateral
coils that may be provided in a set of coils of different
sizes including the following options:

In one embodiment there will be coils provided in one
size for a medium sized breast. In another embodiment
there will be two sized breast coils for medium and large
sized breasts. In another embodiment there will be three
sizes of breast coil for small medium and large sized
breasts. Other embodiments include more than three siz-
es of breast. For surface coils housed in medial and lat-
eral plates the size of the coil would be primarily changed
in the Anterior/Posterior direction. As a non limiting ex-
ample of appropriate segmentation of sizes, the range
of sizes for these coils in the anterior/posterior direction
would be (large coil - 20-25cm, medium coil 20-15¢cm,
small coil 15-7.5 cm). An appropriate coil dimension in
the superior/inferior direction as a combined set, would
be 15-25cm and would not vary more than 50% of the
total size according to small to large coil designation.
[0087] In another embodiment, one of these breast
coils will be in a configuration that is optimal for mastec-
tomy imaging. In this geometry the coils would be posi-
tioned in the plate parallel to the chest wall. The field of
view of these coils would range from 20-35cm, depending
on patient size. The optimal arrangement is such that the
depth of the field of view of these coils is small and does
not penetrate deep into the chest wall region, such that
the ratio of the field of view to the imaging depth of the
coil may be better 5:1 to 20:1. Various coil arrangements
may be used to cover this field of view, including a set of
butterfly, loop and transmission line coils such combina-
tions are presented in Fig 6. Optimally loop coils in the
array would consist of coils longer than wide (aspect at
least 2:1) directed with the long axis in the direction of
the main magnetic field, parallel to the chest wall. But-
terfly coils would optimally be directed with the long axis
directed from patient left to right, while transmission line,
or strip-line coils would be directed with long axis along
the main magnetic field.

[0088] These coil plates are provided as straight, or
curved to match the chest. Patient may be supported by
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the primary structure of the bed such that the mastectomy
region or surgical scar. Alternatively these plates could
be made of a flex circuit such that the coils conform to
the chest anatomy. The concept of using a kit of coils of
different sizes is unique and not presented in the prior
art. There has been noindication of the use of specialized
coils used for mastectomy imaging.

[0089] This concept of modular coil plates that com-
prise an imaging array is demonstrated In Fig 8. Here a
set of coil plates can be arranged as either a set of four
moveable plates (Fig 8A, D, G, J) 2 movable plates with
1 fixed medial array (Fig 8B, E, H, K) or one fixed medial
array with two attachable lateral plates (Fig 8C, F, I, L).
In each of these geometries loop, butterfly (either with
two or more lobes), saddle, transmission line or the like
can be integrated. In Fig 8A, both medial and lateral plate
can move relative to each other. Demonstrated in Fig 8A
are two large lateral loop coils, with opposing medial but-
terfly coils. This combination ensures there is minimal
decoupling between the lateral and medial coils. Addi-
tionally, the medial coils may be comprised of transmis-
sion line coils such that the ground planes on the facing
sides of the medial coils ensure these coils do not couple,
thus improving performance of the coil array. Alternative-
ly butterfly coils may be used as lateral coils and loop
coils as medial coils. Alternatively one butterfly coil can
be used laterally, one medially on the opposing side,
while loop coils can be used opposed to these butterfly
coils. In this way all coils will be decoupled.

[0090] An alternative geometry is presented in Fig 8B,
where the medial coils are attached to the same structure
and overlapped or decoupled using circuitry. In this con-
figuration the medial coils cannot be moved relative to
each other. In an alternative arrangement in Fig 8C, the
medial and lateral coils cannot be moved relative to each
other, instead they are locked together in a fixed geom-
etry. Represented in 8C is a planer geometry, whereas
in Fig 8F,81 and 8L the lateral coil geometry is curved.
[0091] Fig 8A, 8B, 8C all represent 4 coil geometries,
whereas Fig 8D, 8E, 8F are 6 coil geometries. The pre-
ferred geometry for Fig 8D and 8E are two lateral loop
coils, decoupled from one another, with one large medial
butterfly coil directed towards each loop coil on each side
of the breast. The medial butterfly coil should extend and
bend towards the chest wall with one lobe of the butterfly
larger than the other. The lateral coil should be positioned
more posterior relative to the medial coil so as to access
the patients chest wall and axial. The use of a butterfly
that has a non-symmetry lobe presentation and that
bends towards the chest as presented is a novel inven-
tion and not presented in anyway in the prior art. This is
essential for proper imaging of the sternum area.
[0092] In Fig 8F, the medial coils are decoupled by
overlapping, while the lateral coil has two large apertures
toenable access to the breast. In this geometry the lateral
coils attach to the medial coil at a number of connection
points. These attachment points may be used to select,
or activate coils in the medial array, where the coils are
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selected based on which coils are used laterally. Alter-
natively these connection points complete coil ge-
ometries by way of adding a conductor element to the
medial or lateral coil arrays through the process of con-
nection of the lateral and medial sections.

[0093] Fig 8G, 8H, represent 8 coil geometries where
three lateral coils are used and one medial butterfly coil
per side. Fig 8H shows a non-symmetric butterfly coil
where the posterior portion of the loop is larger than the
anterior (lower) part of the coil. In this way the lateral and
medial coils are decoupled when the lateral coil is posi-
tioned more posterior than the butterfly coil. Variations
of such a geometry includes decoupling the lateral coils
from each other through i) overlap in excess of the re-
quired amount between the central and outer coils with
corrective inductive or capacitive decoupling, ii) overlap
the exact amount between the outer and central coils
with no required inductive or capacitive decoupling, iii)
overlap less than the required amount with corrective
inductive or capacitive decoupling.

[0094] Fig 8l shows two medial coils per side with nu-
merous coils contained in the lateral coil attachment. In
this arrangement several attachment points, serving as
both structural and electrical connections, are presented
in the superior and inferior locations each per side with
an additional connection anterior to the arrangement.
This way multiple electrical connections may be made
between the lateral and medial arrays. Any number of
connection points may be used without deviating from
the spirit of detachable coils and should not be limiting.
[0095] Fig 8J demonstrates two lateral and two medial
coils. The lateral and medial coils are slightly overlapped
for decoupling. Any combination of loop and vertically
oriented butterfly coils are intrinsically decoupled in this
geometry. In Fig 8K eight medial coils are located per
side with eight lateral coils. This geometry is easily ex-
panded so as to include numerous, vertically oriented
loop coils and butterfly coils. In this geometry each coil
covers the breastin the Anterior/Posterior direction, while
coils have limited field of view in the Superior/Inferior di-
rection, which enables parallel imaging in the left/right
and superior/inferior direction. These two parallel imag-
ing directions are optimal for breast imaging in the prone
orientation. Fig 8L demonstrates a final geometry where
the mechanical/electrical connection can be made from
the anterior approach so as notto risk pinching the patient
as the coil is connected.

[0096] Additional very high densities of coils can be
used in the proposed coil arrangements. The addition of
coils in the posterior region, with a large aperture for ad-
mitting the breast (s), and/or addition of coils in the an-
terior regions provide various alternative placements for
coils within the presented coil configurations. In the ideal
case, the magnetic flux lines associated with the coils
arranged on these coil geometries would be orthogonal
to the main magnetic field of the MRI (B), so as to max-
imize collection of the MRI signal.

[0097] As an example of a dense coil geometry that
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can be used with a 16 channel MRI system, a bilateral
geometry could be presented where 8 butterfly coils may
be located on the medial coil plates, or in the medial ster-
num support. Across from these butterfly coils could be
8 loop coils. This is repeated for both left and right breast
volume. These coils would be longer in the anterior di-
rection than in the superior direction, and decoupled pair-
wise from each other on their respective coil plates. For
a unilateral arrangement, 16 coils could be used per coil
plate. In order to optimize imaging for parallel imaging,
the geometries of the coils can be slightly modified so as
to differentiate their coil sensitivity profiles. This is per-
formed by modifying the butterfly trace by extending the
width, height, or angle of the conductor traces.

[0098] This arrangement can be scaled up or down
from anywhere from 1 coil per plate, to 16 coils per plate,
while still maintaining sufficient penetration into the
breast tissue over the clinically relevant field of view. This
provides an arrangementwhere a very highly parallelized
geometry can be used for breast imaging. Alternatively,
transmission line coils can be used in either in a hybrid
loop geometry as a replacement for the loop coils in the
previous description, or transmission lines in a straight
configuration, used in combination with the loop coils.
These variations are presented in Fig 6, however they
are presented here in the context of the modular array
system. Additionally, where loop and butterfly coils may
be used as a quadrature pair, the signal to noise can be
improved further through quadrature combination of
those pairs to a single signal line.

[0099] It should also be noted that in all cases, curved
or conformal coil plates may be utilized without departing
from the spirit of the invention. Such plate arrangements
may be useful when imaging other anatomies such as
knees, elbows, wrists, ankles, etc. Interchanging these
coil plates provides for all of the advantages discussed
thus far for breast imaging, because it is hereby possible
to support or immobilize the anatomy, advance to the
scan position for imaging, return to the home position
(outside of the magnet), and remove the coil plates either
for access to the tissue or to replace them with an alter-
nate set of coil plates and then re-image in order to op-
timize imaging and to provide the ability to deliver addi-
tional imaging and interventional devices without moving
the anatomy from the configuration in which it was initially
imaged.

[0100] Selection of a subset of coils to act as transmit
coils and other coils to act as receive coils provides a
significant benefitinimaging applications where SAR lim-
itations need to be considered (Specific Absorption Rate
refers to the rate of energy deposition in tissue due to
RF pulses transmitted by the MRI. Transmitting with rel-
atively small local coils reduces tissue heating compared
with transmitting RF through the entire body). In one em-
bodiment, the anterior and posterior coil arrays can be
used as transmit coils, where the combined fields provide
a substantially uniform transmit field, while the medial
and lateral coils can be used as receive coils. The roles
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of the coils could also be the opposite, where the anterior
and posterior coils receive and the medial and lateral
transmit.

[0101] The imaging methods presented can be per-
formed with any combination of plate geometries. These
plates may be arranged in a manner that they can move
relative to one another, or may be fixed relative to one
another. In the preferable arrangement these coils would
be positioned as close to the anatomy as possible, while
attempting to minimize coupling between coils. Coupling
can also be minimized by sizing the coils appropriately
to the anatomy being imaged. By selecting and attaching
coil elements whose sensitivity profile is just sufficiently
large to image the desired volume, but which does not
extend far enough to couple to other coil elements.
[0102] An alternate embodiment of a reconfigurable
coil array comprises a circuit board having multiple layers
of conductive traces, which traces are insulated from one
another. These traces, along with their attendant capac-
itors, inductors and blocking circuitry constitute individual
coils, such that a multiplicity of coils is present on a single
plate. These coils may be loop, butterfly, opposed sole-
noid, or transmission line types. Means are provided in
this embodiment for selection and signal connection of
one or more of these coils at a time, while a number of
other coils are disabled by being opened (electrically),
detuned, blocked or short circuited. This coil selection
means may comprise mechanical switching of conduc-
tive pathways or solid state electrical switching, either at
the coil end or the MRI end of the signal coupling means.
[0103] Additionally, the act of mechanically affixing the
coil plate to a fixation means such as a compression plate
could activate and deactivate selected coil elements on
the coil plate. The fixation means could effect this acti-
vation and deactivation using mechanical keys or elec-
trical plugs that connect some coil elements and detune,
terminate or block others.

[0104] The electrical connection means of each coil
would interface with a receiving connector integrated with
the mechanical fixation means. This pair of mating con-
nectors could be shaped to accept connection one or
more positions, so that the orientation in which the con-
nectors meet determines which coil elements are active,
and/or determines the polarity of each coil. For example,
rotating the coil plate 180 degrees before plugging it in
would reverse the polarity of the coil's output. Means
would be present in the connector and blocking network
to ensure that the blocking signal used with receive-only
coils always arrived with the correct polarity. Rotating the
coil plate 90 degrees (perhaps from a sagittal to a coronal
plane, for example) before connecting it would have the
effect of activating different coil elements within the coil
plate which coil elements produce a sensitivity profile
befitting the plate’s orientation and relative position to the
anatomy.

[0105] Interchanging these coil arrangements for dif-
ferentimaging applications in the breast or in other recon-
figurable anatomy can be used to optimize SNR and field-
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of-view for:

i) Bilateral anatomy imaging - maximize number of
coils and optimize their sensitivity profiles for bilat-
eral volume.

i) Unilateral anatomy imaging - maximize number of
coils and optimize their sensitivity profiles in a single
volume.

iii) Interventional procedures - maximize number of
coils and optimize their sensitivity profiles while still
providing for appropriate access of physician’s
hands, line-of sight, and interventional and imaging
devices.

iv) Anatomy imaging in different conformations -
maximize number of coils and optimize their sensi-
tivity profiles in a reconfigured anatomical position.

Anatomical Positioning

[0106] A patient can also be imaged with breasts in
various geometries through compression provided from
several directions. The concept can be extended to other
anatomies that are reconfigured to suit a clinical or diag-
nostic need - i.e. it may be desirable to image in one
anatomical configuration for optimal image quality, and
in another to obtain images in a configuration represent-
ative of surgery, for example. As depicted in Fig 9A. a
breast may be compressed towards the chest wall using
a compression plate (18) that can move in the anterior/
posterior direction. The plate presented in this figure also
provides an aperture which is covered by a compression
membrane (53). Within this plate there may be a coil plate
inserted as depicted in Fig 9b. By moving this compres-
sion plate containing the coils close to the breast, good
immobilization and high SNR can be obtained. By remov-
ing the coil plate (23) there may be access to the breast
for other imaging modalities providing the membrane is
substantially permeable to that modality. For instance if
an acoustical membrane is used, an ultrasound trans-
ducer can be used to image the breast, while the four
sides of the breast remain accessible for interventional
purposes. This concept is shown in Fig 9C. in a bilateral
imaging application in the axial view, and in the sagittal
view in Fig 9D. An alternate embodiment of the compres-
sion plate is shown in Fig 9E, where the compression
plate consists of a pivoting oblique member (55). In each
of these compression members there are one or more
or apertures in which coil plates can be fixed, and one
or more membranes (which may have coils removeably
fixed across them). This is demonstrated in the sagittal
view in Fig 9F. The benefit of this arrangement is that the
breast is more completely immobilized and the immobi-
lization system can support a greater number and variety
of coils. The compression plates may also support a con-
formal plate such that the breast is more evenly com-
pressed in the orientation.

[0107] Another benefit of the proposed system is the
ability to support conformal plates or immobilization de-
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vices. As an extension of the position and orientation-
adjustable compression plate, a conformal immobiliza-
tion plate (56) or membrane (such as a thermally setting
mesh) could be positioned on the breast while the patient
is in the position used for surgery, such as the supine
position as indicated in Fig 10A. The patient’s breast po-
sition could be maintained while the patient is rotated to
another position, such as the prone position, and posi-
tioned on the main support structure of a dedicated
stretcher-based coil, or a tabletop add-on coil. The open
architecture of the system provides for the addition of
such a conformal immobilization structure. A set of im-
aging coils may be added to these plates, either as a coil
supported by an oblique compression plate (72) as
shown in Fig 10B, or as a conformal arrangement of coils
supported on the conformal immobilization plate (56).
This same arrangement is shown in Fig 10c in a sagittal
view where the oblique compression is capable of moving
up/down and rotating.

[0108] The ability to position the breast in two different
conformations while the patient remains on the main sup-
portstructure is important for MRl interventions and when
imaging may be required for determination of pre-surgi-
cal breast cancer extent. The repositioning should be
done such that a set of MR images may be obtained while
positioned in a standard imaging orientation (i.e. uncom-
pressed with the patient prone, or compressed in the me-
dial/lateral orientation with the patient prone), and a set
of images that may be similar to the position during sur-
gery (patient laying supine). This way the tumor position
can be correlated between both positions, or in positions
in-between the two end positions. These two imaging
positions can also be utilized to ensure alocalization wire,
or other surgical marking device remains in position while
in another geometry, or to provide for another position
for minimally invasive treatment of cancers. This is dem-
onstrated in Fig 10D, where a compressed breastis dem-
onstrated in an axial view compressed in a medial/lateral
direction, and alocalization wire (58) has been positioned
through the lesion (57) of interest. In Fig 10E, all coils
and compression plates are removed and the breast can
be freely manipulated with the patient on the apparatus.
An anterior conformal compression plate can then be
introduced as presented in Fig 10F to compress the
breast into a conformation similar to that of breast sur-
gery, and to deliver a coil plate into proximity with the
breast for imaging. In this way the breast can be com-
pressed in a preferred orientation for a particular clinical
application, and RF coils can be positioned as close to
the breast as possible to ensure high SNR images can
be acquired.

[0109] The invention is specifically presented in the
figures for breast imaging applications, however it may
be applied to any anatomy in which bilateral imaging or
unilateral imaging may be preferred, or any situation
where the patient support and immobilization is per-
formed independently of the coil system.
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Dedicated Body Imaging Applications

[0110] Another example where the presented meth-
ods and apparatus can be applied includes body imaging
applications. In this application a dedicated body imaging
stretcher (61) with a large interventional volume provides
an access point in which modular support structures and
coil arrangements can be positioned, affixed and re-
moved. Applications for this systeminclude cardiac, lung,
musculo-skeletal, spine, liver and kidney imaging, as well
as interventions for these anatomies. In Fig 11A, the pa-
tient (4) is supported by an MRI body support structure
(60) where anterior (62) and posterior plates (63) are
used to position coils close to the patient. In an analogous
manner to the breast imaging application, various coil
arrays can be introduced by way of coil plates. Demon-
strated in Fig 11B is a large field of view coil array (64)
and a small field of view coil array (65), typically used for
higher SNR imaging applications. The coil plates are in-
serted into the support plates as demonstrated in Fig
11C. In Fig 11D, the small field of view coil array is put
in place of the large coil array, and positioned appropri-
ately over the target anatomy, so as to image with high
signal to noise in a region of interest.

[0111] Additionally, coils tuned to different frequen-
cies, optimized for a particular imaging or intervention
application may be easily interchanged while the patient
is maintained in the same conformation. For instance,
for lung imaging a coil array may be required for contrast-
enhanced imaging of blood flow as well as imaging hyper-
polarized gas or the like for imaging of ventilation. For
cardiac applications, a coil may be provided to excite or
image a particular species associated with a novel intra-
vascular contrast agent. Each of the coils can be appro-
priately tuned to detect, or to excite a particular species
of interest. Additional lateral or oblique plates may be
integrated into the apparatus as required. These plates
may provide lateral support for a patient, provide attach-
ment points for probes and devices, and may provide
additional attachment points for coil systems for im-
proved imaging. Additionally, the support plates may pro-
vide access apertures and/or guidance means for inter-
vention, or imaging with other modalities (X-ray, Ultra-
sound, Optical, Infrared, etc). The dedicated stretcher/
special-purpose tabletop system and modular arrange-
ment of subcomponents provides all of the advantages
realized in the breast application.

[0112] An alternate embodiment of the present inven-
tion expands on the same concept for prostate, gyneco-
logical and colon imaging and intervention. In a further
implementation this sheath concept can be used for in-
travascular imaging or intraoperative imaging and the
like. As presented in Fig 12, a dedicated prostate stretch-
er and tabletop system provides additional access to en-
able modular coil and patient support apparatus to be
reconfigured for various stages of the same imaging/in-
tervention procedure, for procedures with different pa-
tients, or for different types of procedures. The major dif-
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ferential feature as presented is the addition of a support
apparatus that can be inserted inside of the patient. The
support apparatus, not shown in this figure may consist
of an articulating arm or support which holds a sheath or
introducer into the body. By maintaining this sheath in a
fixed position, various coils and devices can be inserted
while remaining in a fixed relative position to the patient
and other devices. This is demonstrated in Fig 12A where
an anterior coil support (62), a posterior coil support (63)
and an internal coil sheath (68) all support a variety of
coil arrangements. Various coil plates can be introduced
to these support/immobilization structures depending on
the application. The anterior plate (62) holds the patient’s
hips in a fixed position, while providing a means of at-
tachment for the coil array. This may be effected by a
support arm which maintains the position of the anterior
coil and prostate sheath so that they are held at a fixed
position relative to the patient. The prostate sheath may
be permeable to various imaging modalities such as ul-
trasound and may provide interventional access ports to
facilitate intervention of the prostate.

[0113] The sheath (68) may also be made from a flex-
ible membrane which can be expanded. In this way, a
probe can be inserted into the sheath and be inflated or
mechanically enlarged so as to immobilize the surround-
ing anatomy. In the specific application of prostate imag-
ing, the solid plastic walls of the probe should be expand-
ed so as to press against the rectal wall. In this way the
coils can be positioned in very close contact to the pros-
tate so as to maximize signal acquisition. Additionally, if
the plastic is made from a material with susceptibility
close tothat of the tissue, then there will be no deleterious
image artifacts that may affect imaging of the prostate
area. Additionally, a vent or aperture should be provided
in the center of the coil, or on the outer regions of the coil
such that gases can be vented during the procedure to
improve patient comfort and limit peristaltic motion.
[0114] According to the invention, numerous tech-
niques, procedures and methods make good use of the
various embodiments of the invention, as illustrated by
the following specific examples:

- Bilateral imaging with all available channels utilized

- Unilateral imaging with all available channels utilized

- Interventional imaging with coils selected to provide
open access

- Breastimaging (bilateral or unilateral) with the breast
uncompressed, compressed medial/lateral toimmo-
bilize for better imaging, compressed against the
chest wall, or with oblique compression. (Compres-
sion is performed to improve imaging (i.e. less mo-
tion), reduce motion during intervention, position the
breast to match surgical position, or to match other
imaging positions (US, X-ray, CT)).

- Imaging where coils may be exchanged for coils that
are tuned for other desired frequencies - i.e. higher
field (3.0T), spectroscopy (Na, C43, F, etc), or to
match species associated with novel contrast
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agents. In the example of lung cancer imaging, coils
can be tuned to hydrogen for contrast enhanced
studies, and exchanged for coil tuned to hyper-po-
larized gases to image the ventilation cycle.

- Imaging where coils are exchanged for coils better
sized to match the anatomy, for example sizing coils
to suit the size of a breast.

- Imaging where coils are exchanged for coils with
higher acceleration factors in preferred imaging ap-
plications.

- Imaging where coils are exchanged for new coil de-
signs, or designs that take advantage of the greater
number of data channels available on the MRI, while
keeping the same patient support, or dedicated
stretcher design.

- Imaging where non-functional coils can be removed
and exchanged for functioning coils instead of re-
placing the entire system, or in the case of cryogen
cooled coils, exchanging the coils for coils that are
refilled with cryogen, in the case of wireless coils -
recharging the batteries, in the case of sterilizable
coils - cleaning.

- Imaging and intervention for body applications using
a dedicated body imaging stretcher and tabletop.

- Imaging and intervention for prostate applications
using a dedicated prostate stretcher and tabletop.

The foregoing description of the invention is not intended
to describe every object, feature, advantage, and imple-
mentation of the present invention. While the description
of the embodiments of the invention is focused on appli-
cations for breast imaging, it will be understood by those
skilled in the art that the present invention has utility to
applications elsewhere in the body. The primary differ-
ence would relate to the geometry of the coils and their
relative positioning. The fundamental concept of sepa-
ration of patient support, anatomy immobilization and RF
systems has wide ranging benefits.

[0115] All patents and printed publications referenced
herein are hereby incorporated by reference into the
specification hereof, each in its respective entirety.
[0116] A number of techniques, methodologies, appa-
ratus and systems have been proposed to improve the
imaging of tissue using MRI. Including, but not limited to:

- Novel architecture for RF imaging systems including:

O Coils independent from the support structure
O Coils that are interchangeable

O Coils that can be positioned in varying posi-
tions close to the patient anatomy.

O Coils embedded in secondary structures such
as repositionable compression plates

- Techniques and mechanisms for interchanging coil
systems separable from the patient support appara-
tus.

- Novel compression mechanisms appropriate for an-
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atomical compression in various orientations and
configurations.

- Interchangeable compression systems.

- Compression systems with apertures to enable

O Coil insertion and fixation.

O Membranes permeable to various imaging
modalities

O Interventional and imaging device access

- Interchangeable coil systems with various options
for coil signal transmission including - cables, induc-
tive coupling, optical transmission, telemetric trans-
mission.

- Interchangeable coils which integrate analog-to-dig-
ital conversion capability so that cable-based or tel-
emetric connection may convey digital rather than
analog information.

- Novel coil arrangements for densely packed coil ar-
rays including combinations of loop, butterfly, sad-
dle, opposed solenoid and transmission line coils.

- Secondary support structures providing optimal pa-
tient positioning, support and immobilization options.

- Secondary support structures with integrated RF
coils or with means of affixing RF coils.

- Cable routing to ensure cables do not contact the
patient.

- Coil recharging using an external charging module
when coils require battery power

- Coils that use received RF energy to charge an en-
ergy storage device.

- Coil cryogen filling using an external charging mod-
ule when coils are cryogen cooled

[0117] Benefits of such a system are:

- better SNR due to more coils and more appropriately
sized coils closer to the patient anatomy.

- different coil systems for parallel imaging applica-
tions, giving the user flexibility for either imaging for
intervention or for diagnostic imaging applications.

- flexible imaging such that various imaging tech-
niques can be performed with the patientin the same
conformation but with coils specialized for different
imaging, i.e. 1.5T, 3.0T, Na, K, C,3 imaging.

- reduced downtime as a single defective coil does
not necessitate replacement of the entire coil system
- only a single coil plate or coil element need be re-
placed.

- upgradeable system to the user such that subse-
quent coil requirements or an MRI upgrade would
only require a subsystem of the coil system to be
purchased, as opposed to an entirely new coil sys-
tem with attendant housing/patient support struc-
ture.

- ability to image the breast in various compression
shapes with minor modification to the structure while
the patient is maintained in the same position on the
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apparatus. Time is critical in this application as im-
aging should be performed while the injected MRI
contrastagentis still providing imaging contrast. This
leads to the ability to show a contrast enhanced le-
sion in various compression conditions with a single
contrast agentinjection. Various compression states
include:

O uncompressed

O compressed medial-lateral

O compressed anterior/posterior

O oblique compression

O conformal immobilization and compression of
the breast

- ability to physically remove, substitute and replace
the compression system and the coil system while
the patient is maintained on the apparatus. This al-
lows improved access to the imaged anatomy for
additionalimaging, interventions and treatment. This
is possible when there is a significant aperture pro-
vided as in a dedicated stretcher-based dedicated
tabletop

[0118] The technology of the present invention in-
cludes a patient support structure for a patient comprising
a connected or continuous area that support at least the
head, chest, abdomen and legs of a patient, the support
structure having at least one component support struc-
ture that receives and releases at least one RF coil sys-
tem adjacent the patient, the atleast one component sup-
port structure allowing positioning of the at least one RF
coil system adjacent one or more of the head, chest,
abdomen and legs of the patient. The patient support
structure may have at least one specific component sup-
port structure for coils for at least one location on the
patient support structure that accommodates atleast one
of female breasts, female genitalia or male genitalia.
There may be at least one specific component support
structure for coils for at least one location on the patient
support structure that accommodates at least one of fe-
male or male breasts, female genitalia, prostate and co-
lon, and torso of a patient. There may be at least one
location of the component support structure has the com-
ponent support structure has a glide support for enabling
insertion of different coil structures on supports with com-
mon glide engaging features. The patient support struc-
ture may have at least one location of the component
support structure with a glide support for enabling inser-
tion of different coil structures on supports with common
glide engaging features. The patient support structure
may have coil structures with an engaging element that
connects to a communication port, material flow port or
power port on the patient support structure. The patient
support structure may comprise a stretcher on wheels,
and the stretcher may have engaging elements for en-
gaging the RF coil system of the stretcher to the RF sys-
tem on a magnetic resonance imager. The patient sup-
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port structure may have a specific location accommodat-
ing positioning of female breast therein, the location is
adjustable to accommodate breast of different sizes, and
an RF coil system for assisting in the MR imaging of
breast positioned in the location may be removed and
replaced while breasts are positioned in the location with-
out moving the compression system while in contact with
the surface of the breasts. The patient support structure
may have coils of different functionality selected from the
group consisting of receiver antennae, transmitter anten-
nae and transceiver antennae may be interchanged or
placed in combinations of said antennae adjacent the
location. The patient support structure may have at least
one location with distributed thereabout a combination
of transmission line coils, with the longest dimension in
an anterior or posterior direction, disposed with loop and
butterfly coils as alternating patterns on a) opposing
plates, b) opposing structures, or c) co-planar on a plate.
The patient support structure may have the at least one
set of RF coils with at least two or at least four moveable
lateral and medial coil plates containing intrinsically de-
coupled coils.

[0119] The patient support structure may have the in-
trinsically decoupled coils selected from the group con-
sisting of a) vertically oriented butterfly and loop coils, b)
various transmission line coils with loops, c) transmission
line coils and butterfly coils, d) multiple lobed butterfly
coils in combination with a loop or transmission line coil,
or the intrinsically decoupled coils are selected from the
group consisting of a) horizontally oriented butterfly and
loop coils, b) various transmission line coils with loops,
¢) transmission line coils and butterfly coils, d) multiple
lobed butterfly coils in combination with a loop or trans-
mission line coil. The patient support structure may have
the RF coils enabled for signal transfer from the RF coils
through attachment of the RF coils of the patient support
structure to cables in an MR imager through at least one
of:

1) Direct electrical connection

2) Brushes or sliding mechanical/electrical connec-
tors;

3) Magnetically inductive connections; and

4) Signal transmissions.

[0120] The technology of this invention includes a
method of performing an MRI imaging process on an
individual subject comprising supporting the subject on
the patient support structure of claim 1, adjusting the lo-
cation to accommodate dimensions of the individual sub-
ject, positioning at least one set of RF coils adjacent the
adjusted location, moving the support into the bore of an
MR imager, and providing MR image data on the individ-
ual subject that is at least enhanced by data derived from
the at least one set of RF coils. In the method, while or
after the support has been moved into the bore of the
MR imager, the at least one set of RF coils is engaged
to an RF system in the MR imager. The RF system of
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the stretcher automatically communicatingly connects to
the RF system of the magnetic resonance imager. In the
method, an additional step is performed that is selected
from the group consisting of automatically tuning of coils
in the stretcher, pre-amplifiers in the patient support
structure enhance signal reception, electrical shimming-
coils, sending RF signals by wireless signal transmission
to a receiver external to the magnetic resonance imager
and cryogenically cooling the coils in the patient support
structure during MR imaging. The patient support struc-
ture may have at least one set of receiver antennae,
transmit antennae and transceiver antennae which are
exchanged at the at least one location.

[0121] This technology details specific coil arrange-
ments, means of connecting these coils and utilization
of these coils for specific imaging purposes. Additionally,
the concept of interchangeable coils has been extended
and includes the use of a charging station for electrical
power, and for cryogen cooled coils, the use of cryogen
filling stations. Additionally, the present system enables
the ability to embed electronics into the patient support
and stretcher electronics to facilitate advanced imaging
application such as: automatic coil tuning of coils, pre-
amplifiers for signal reception, electrical shimming coils,
wireless signal transmission devices and cryogen cool-
ing systems for the coils.

[0122] The RF antenna set includes interchangeable
coils where the coils are coils tuned for different imaging
species for a particular field strength and coils tuned for
different field strength. Furthermore the RF antenna set
may include interchangeable coils where the coils are
sized to the patient anatomy including coils for:

Small breast size
Medium breast size
Large breast size
Chest wall

[0123] Among the types of RF antennae that may be
used are a set of some of loop antennae, transmission
line antennae and/or butterfly antennae. The coil config-
urations presented and combinations of configurations
are unique. The use of arrays of coils on separate plates
that are intrinsically decoupled from one another through
the use of butterfly coils facing loop coils, or loop and
transmission line coils is novel. The combination of ver-
tically (longest dimension in the anterior/posterior direc-
tion) disposed loop and butterfly coils either in alternating
patterns on opposing plates, on opposing structures, or
co-planar on a plate, are also novel combinations of coil
geometries. This geometry is intrinsically decoupled. The
term "decoupled" or "inherently decoupled" "or intrinsi-
cally decoupled” is well understood in the Rf coil art. It is
a term accepted to mean that the magnetic fields result-
ing from stimulation of the coils are not significantly in
interference with each other. In terms of geometry, it
would be that the fields are not 180 degrees in opposition,
and that the field strength of each field is at least about
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50%, preferably at least about 70%, more preferably at
least about 85%, and most preferably at least 90% or
95% of the strength of a single field in the absence of
any other fields. The combination of transmission line
coils (longest dimension in the anterior/posterior direc-
tion) disposed loop and butterfly coils either in alternating
patterns on opposing plates, on opposing structures, or
co-planar on a plate, are also novel combinations of coil
geometries. This geometry is intrinsically decoupled. The
combination of butterfly coils and/or loop coils positioned
in such a way that the top of the butterfly and/or loop coil
is curved towards the chest wall is a novel structure.
[0124] The combination of asymmetric butterfly coils
(longest dimension in the anterior/posterior direction,
with larger lobe disposed in the posterior direction) po-
sitioned in such a way that a crosswise loop or similarly
intrinsically decoupled coil geometry would be decoupled
from the butterfly when positioned at a location more pos-
terior than the butterfly coil central axis in the A/P direc-
tion.

[0125] The combination of butterfly coils in a fixed me-
dial support structure such that the left and right sets of
coils are substantially decoupled through the use of over-
lap, capacitive or inductive decoupling is also a novel
structure. The combination of any of the above coil ge-
ometries with the use of volume coils is also a novel struc-
ture.

[0126] The combination of these decoupled coil ge-
ometries as receive coils, transmit coils or transceive
coilsis a novel structure. The configurations of these coils
for bilateral imaging comes from the preferred set of:

1) moveable lateral and medial coil plates containing
intrinsically decoupled coils (vertically oriented but-
terfly and loop coils), (various transmission line coils
with loops), (transmission line coils and butterfly
coils). (multiple lobed butterfly coils and any loop or
transmission line coil).

2) movable lateral coil plates with a stationary ster-
num support with coils substantially oriented in the
medial left and medial right directions that are de-
coupled from one another using decoupling circuitry.
3) Stationary sternum support with attached lateral
coils in fixed positions. All coils are decoupled rela-
tive to each other using decoupling circuitry.

4) Arrangements in 1), 2) or 3) with an anterior coil
and/or

5) Arrangements in 1), 2) or 3) with a posterior coil
with an aperture

[0127] The combination forthe preferred sets may also
be selected from the set of the following for sets of these
coils for bilateral imaging from the set of:

6) 2 moveable lateral and medial coil plates contain-
ing intrinsically decoupled coils (vertically oriented
butterfly and loop coils), (various transmission line
coils with loops), (transmission line coils and butterfly
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coils). (multiple lobed butterfly coils and any loop or
transmission line coil).

7) movable lateral coil plate with a stationary sternum
support with coils substantially oriented in the medial
left or medial right.

8) Stationary sternum support with attached lateral
coil in fixed positions. All coils are decoupled relative
to each other using decoupling circuitry.

9) Arrangements in 1), 2) or 3) with an anterior coil
and/or

10) Arrangements in 1), 2) or 3) with a posterior coil
with an aperture

[0128] In the configurations where a fixed lateral coil
is attached to a fixed sternum coil in a replaceable man-
ner is a novel concept. This enables 1) completion coil
circuits in the lateral or medial coils in order to activate
the coils, 2) connection of the coils to appropriate coil
decoupling circuitry so as to minimize coupling of all of
the coils in an array, 3) Addition of coils to the coil array.

Claims

1. An RF coil for MR breast imaging comprising: a lat-
eral array comprising a plurality of lateral coil ele-
ments disposed in a substantially coplanar geome-
try; and a medial array, substantially parallel to the
lateral array and moveably coupled to the lateral ar-
ray, the medial array comprising a plurality of medial
coil elements provided in a substantially coplanar
geometry; wherein the magnetic fields created by
the lateral and medial coil elements are substantially
orthogonal to each other in the anatomy of interest.

2. The RF coil of claim 1, wherein the lateral coil ele-
ments comprise loop coil elements and the medial
coil elements comprise a butterfly configuration.

3. The RF coil of claim 2, further comprising a second
lateral array, the second lateral array comprising a
second plurality of loop coil elements; and a second
medial array comprising a second plurality of coil
elements in a butterfly configuration, the butterfly coil
elements each comprising a first and a second lobe.

4. The array of claim 3, wherein each of the first and
second butterfly coil elements comprises first and
second lobes of substantially equivalent size.

5. The array of claim 3, wherein one of the first and
second lobes is larger than the second of the first
and second lobes.

6. The array of claim 3, wherein the first and second
butterfly coil elements are each bent through approx-
imately 90 degrees such that the medial array has
a U shape.



10.

1.

12

13.
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The array of claim 3, wherein the first and second
medial arrays are integrally formed as a single com-
ponent.

The array of claim 1, wherein the lateral array in-
cludes an aperture for accessing a breast being im-
ages.

An apparatus for positioning a patient for MR imaging
and MR-guided intervention, the apparatus compris-
ing: a patient support structure configured to position
an anatomy of interest of the patient during at least
one of MR imaging and MR intervention, the patient
support structure including a contoured upper sur-
face for supporting the patient in a position that al-
lows access to the anatomy of interest and compris-
ing at least one aperture that allows interventional
access to the anatomy of interest; an immobilization
device coupled to the patient support structure and
configured toimmobilize the anatomy of interest; and
an RF connector coupled to the patient support struc-
ture for receiving an RF coil adjacent the anatomy
of interest according to claim 1 or 2.

The apparatus of claim 9, wherein at least two of the
plurality of RF coil elements overlap, each of the
overlapping loop coil elements having a long axis
and a short axis, and the short axes are aligned along
the anterior/posterior direction of the patient.

The apparatus of claim 9, wherein the plurality of RF
coil elements comprise loop coil elements alternately
arranged in an overlapping geometry with butterfly
coil elements.

The apparatus of claim 9, wherein the plurality of RF
coil elements comprise atleast firstand second over-
lapping loop coil elements, each of the overlapping
loop coil elements being coincident with a butterfly
coil element.

The apparatus of claim 9, wherein the plurality of RF
coil elements comprise a plurality of transmission
line elements aligned with the main magnetic field
direction of the MRI scanner.
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